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PREFACE 


This  summary  report  covers  work  performed  during  the 
period  from  1  September  1978  to  30  September  1981  under  Air 
Force  Contract  F33615-78-C-5172 -  The  contract  was  initiated 
under  Project  Number  7381,  "Materials  Application".  The  work 
was  administered  under  the  direction  of  the  Systems  Support 
Division  of  the  Air  Force  Wright  Aeronautical  Laboratories/ 
Materials  Laboratory,  Wright-Patterson  Air  Force  Base,  Ohio. 

Mr.  David  Watson  (AFWAL/MLSA)  acted  as  Project  Engineer. 

This  work  was  conducted  under  the  general  supervision  of 
Mr.  D.  Gerdeman,  Project  Supervisor.  The  Principal  Investigator 
for  this  program  was  D.  Robert  Askins .  Research  Technicians 
who  made  major  contributions  to  the  program  include: 

R.  J.  Kuhbander,  D.  Byrge,  R.  Glett,  R.  Rondeau,  D.  Pike, 

D.  Miller,  and  W.  Miller. 

The  author  is  also  indebted  to  Dr.  Fred  Bogner  for  the 
analysis  and  computation  of  normal  edge  stresses  in  the  multi¬ 
directional  laminates . 

This  report  was  submitted  by  the  author  in  October 
1981.  The  contractor's  report  number  is  UDR-TR-81-85 . 
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SECTION  1 
INTRODUCTION 

Fiber  reinforced  composite  materials  have  been  used  in 
Aerospace  structures  for  many  years.  The  use  of  these  materials 
is  continually  growing,  and  as  new  fiber  reinforcements  and  matrix 
materials  become  available,  the  problem  of  selecting  materials 
becomes  an  ever-growing  task  for  aircraft  builders  and  designers. 
In  order  to  screen  and  select  materials  for  a  particular  air¬ 
craft  structure,  a  certain  minimal  amount  of  engineering  data 
must  be  available  to  the  aircraft  designer.  The  data  base  from 
which  this  information  is  extracted  must  be  continually  updated 
and  supplemented  so  that  the  spectrum  of  available  candidate 
composite  systems  for  consideration  be  broadened  in  step  with 
the  latest  technological  advancements.  Data  such  as  this  are 
intended  to  reduce  the  time  lag  between  the  development  of  a 
new  composite  material  system  or  component  and  its  eventual 
use  in  an  aircraft  system.  The  general  objective  of  this 
program  was  to  develop  engineering  data  on  advanced  composite 
materials.  These  materials  were  to  be  newly  developed  composite 
materials  systems  which  were  commercially  available,  but  which 
at  the  same  time  were  new  enough  that  little  data  was  available 
for  the  purpose  of  evaluating  their  potential.  The  purpose 
was  to  generate  physical,  mechanical,  and  thermophysical 
properties  on  a  number  of  these  advanced  composite  materials. 

The  data  generated  in  this  program  are  not  sufficient  to 
eliminate  the  need  for  more  detailed  and  more  comprehensive 
design  data  programs.  Rather,  an  initial  data  base  is  developed 
to  facilitate  the  selection  of  candidate  materials,  and  which 
provides  a  basis  for  developing  subsequent  design  allowable 
efforts  on  selected  materials.  It  provides  the  information 
required  to  make  preliminary  assessrrerts  of  composite  materials 
for  potential  aerospace  service. 
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SECTION  2 

SELECTION  OF  MATERIALS 


The  initial  portion  of  the  program  involved  an  identifi¬ 
cation  of  available  candidate  composite  materials.  Both  written 
and  verbal  contact  was  established  with  a  wide  cross-section  of 
industry  and  government  representatives  who  are  active  in  the 
area  of  composite  materials  research,  development,  and  applica¬ 
tion.  Letter  questionnaires  were  sent  to  individuals  representing 
all  the  services,  all  the  major  aircraft  companies,  and  nearly 
all  of  the  major  material  suppliers.  The  questionnaire  was 
directed  toward  obtaining  each  individual's  feelings  as  to 
what  materials  should  be  considered  for  inclusion  in  this 
program,  what  their  assessment  of  the  current  data  availability 
on  the  various  materials  was,  and  their  feelings  as  to  potential 
applications  for  which  the  various  advanced  and  newly  available 
composite  material  systems  might  be  considered.  In  addition, 
these  representatives  were  asked  what  they  felt  the  most  useful 
and  most  needed  type  of  engineering  data  were,  as  well  as  their 
feeling  about  the  effect  of  manufacturing  processes  required  for 
a  specific  composite  material  or  its  potential  usage  by  the 
Aerospace  community.  These  letter-questionnaires  were  sent  to 
a  total  of  111  individuals.  A  total  of  16  written  responses 
were  received,  representing  14  percent  of  the  total  mailing. 

In  addition  to  the  written  inputs  numerous  telephone  contacts 
were  made  with  individuals  who  did  not  respond  in  writing  to 
our  questionnaires  and  to  obtain  additional  information  to 
that  requested  in  the  letter.  All  the  verbal  as  well  as  written 
inputs  to  this  phase  of  the  program  were  tabulated  and  discussed 
with  Air  Force  Wright  Aeronautical  Laboratory /Materials  Laboratory 
(AFWAL/ML)  representatives  prior  to  the  establishment  of  a  list 
of  tentative  candidate  materials  for  possible  inclusion  in  the 
program. 

The  criteria  employed  to  determine  and  select  these 
candidate  materials  included  (a)  the  present  or  imminent  commercial 
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availability  of  the  material,  {b}  the  degree  of  interest  in 
the  material  expressed  in  the  written  responses  and  telephone 
contacts,  (c)  the  material's  potential  to  overcome  specific 
problems  of  current  concern  to  the  United  States  Air  Force  (USAF) , 
and  {d)  the  potential  value  to  the  USAF  if  the  material  proves 
applicable  to  Air  Force  weapons  systems.  The  candidate  material 
identification  and  selection  process  was  a  continuing  activity 
throughout  the  program.  As  new  materials  were  learned  of  they 
were  added  to  the  candidate  list  and  telephone  inquiries  were 
initiated  to  learn  as  much  as  possible  about  the  material. 

A  total  of  six  composite  systems  were  ultimately  selected 
from  among  the  candidates  for  inclusion  in  the  data  generation 
effort.  These  six  selections  were  made  approximately  every 
six  months  starting  .^t  the  beginning  of  the  program.  Table  1 
lists  the  candidates  which  were  considered  at  one  time  or 
another.  In  most  cases  a  fiber  or  resin  matrix  candidate 
is  listed  alone. 

The  six  composite  material  systems  ultimately  selected 

were: 

(1)  T300/AFR800  by  Hexcel, 

(2)  SiC/5506  by  AVCO, 

(3)  HyE  2034D  by  Fiberite, 

(4)  T3QQ/V378A  by  U.S.  Polymeric, 

(5)  HyE  1Q76J  by  Fiberite,  and 

(6)  6535-1  by  AVCO. 

The  T30Q/AFR800  system  was  selected  because  it  is  an 
epoxy  system  which  does  not  require  refrigerated  storage. 

It  was  developed  by  the  Aerotherm  Division  of  Accurex  Corporation 
under  contract  to  the  Air  Force  Materials  Laboratory  to  compete 
with  350°F  (177°C)  epoxy  systems. 

The  silicon  carbide/5506  system  was  selected  because  of 
the  silicon  carbide  fiber.  This  fiber,  on  a  carbon  substrate, 
was  developed  by  the  AVCO  Corporation  and  provides  properties 
essentially  equivalent  to  boron  fiber  but  has  a  potentially 
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TABLE  1 

CANDIDATE  MATERIALS 


Comments 


1.  PKXA 

2.  HyE  1076E 

3.  HMF-351/76 

4.  CPI-2272 

5.  NCNS 

6.  PMR-II 

7.  X904B 

8.  E788 

9.  LA.RC  160 

10.  AS/3005 

11.  DAPI 


A  silane  terminated  polysulfone.  This 
feature  permits  some  end  group  cross- 
linking  which  improves  solvent/moisture 
resistance  and  temperature  capability. 

A  graphite /epoxy  system  alleged  to  be 
more  moisture  resistant  than  Narmco 1 s 
5208.  Also  supposed  to  be  a  higher 
elongation  matrix  than  other  350 *F 
(177°C)  class  epoxies. 

Same  as  #2  except  a  woven  fabric. 

A  polyimide  resin  alleged  to  have 
equivalent  or  better  moisture  resistance 
and  temperature  capability  than  F178. 

Developed  to  replace  the  M4-720  base 
resin  used  in  350  °F  (177°C)  class 
epoxies.  It  is  fire  retardant, 
generates  little  smoke,  and  is  water 
resistant. 

Second  generation  material  claimed  to 
have  higher  temperature  capability 
than  1 MR-15 . 

A  non-proprietary  350 °F  (177°C)  epoxy 
system  developed  under  USAF  contract. 
Reputed  to  have  low  moisture  absorption. 

An  elastomer  modified  epoxy  system. 

A  550 8F  (289°C)  polyimide  supposed  to 
have  better  handling  and  processing 
characteristics  than  PMR-15. 

A  graphite/polyphenylsulfone  (Radel  PPS) 
system  which  processes  easily  and  has 
good  water  resistance.  MaiA  short¬ 
coming  is  solvent  resistance  leading 
to  stress-cracking. 

* 

Diaminopheny lindane .  A  thermoplastic 
with  500®F  (260°C)  service  capabili  *■ 
and  which  processes  easily.  Its  so 
resistance  is  principal  problem. 
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TABLE  1  (Continued) 
CANDIDATE  MATERIALS 


Material 


Comments 


12.  Pitch-based  graphite 

fiber 

13.  Glass  matrix 

composites 

14.  FP  alumina  fibers 

15 .  SiC/epoxy 

16 .  Phthalocyanine 

17.  V378A 


18.  Thermid  600 


19.  XPL  1056 


20.  High  filament  end 
graphite  tow 


Three  grades  are  being  developed, 
having  nominal  moduli!  of  55  rosi, 

75  msi,  and  100  msi.  This  fiber 
is  potentially  very  inexpensive. 

High  temperature  capability. 
Excellent  dimensional  stability. 
Water  and  solvent  resistant.  Not 
yet  commercially  available. 

Potential  for  low  cost  makes  it 
a  candidate  to  replace  boron. 

Silicon  carbide  on  a  carbon  sub¬ 
strate  has  properties  equivalent 
to  boron  but  has  a  much  lower  cost 
potential . 

A  new  matrix  system  being  developed. 
It  is  alleged  to  have  high  tough¬ 
ness  and  good  elevated  temperature 
capabilities . 

A  polyimide  system  with  improved 
wet  high-temperature  properties. 
Microcracking  is  supposed  to  be 
substantially  reduced. 

Acetylene  terminated  polyimide 
system  with  550-600°F  (288-316°C) 
service  capabilities. 

This  vinyl  polyester  resin  system 
cures  very  rapidly  at  relatively 
low  temperatures  and  pressures. 
Preliminary  tests  indicated  very 
good  moisture  resistance.  The 
material  also  appears  to  form  a 
better  bond  to  aramid  fibers  than 
epoxy  resins,  leading  to  higher 
shear  and  compression  properties. 

Larger  graphite  tows  now  being 
developed  reduce  prepreg  preparation 
costs. 
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TABLE  1  (Concluded) 
CANDIDATE  MATERIALS 


Material 
21.  AFR80Q 


22.  NR150B2 


23.  RX-6450 


24.  PSP  6002 


25.  Ryton 


Comments 


An  epoxy  resin  system  developed  under 
Air  Force  contract  which  has  a  long 
room  temperature  shelf  life. 

Probably  the  highest  service  tem¬ 
perature  organic  matrix  system 
available.  Very  difficult  to  process. 

N-cyanosulfonamide.  An  addition  type 
resin  that  cures  like  conventional 
epoxies  but  offers  better  temperature 
capabilities  and  greater  environmental 
resistance . 

This  polystyrilpyridine  resin  is  a 
heterocyclic  aromatic  polymer  which 
appears  to  offer  very  good  high 
temperature  performance.  It  was 
developed  in  France. 

This  polyphenylene  sulfide  material 
retains  good  mechanical  property 
levels  up  to  300 °F  (149°C) ,  has 
excellent  chemical  resistance,  and 
is  relatively  easy  to  process. 
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much  lower  cost .  The  5506  resin  system  was  developed  by 
AVCO  as  a  350 °F  (177°C)  epoxy  and  was  recommended  by  them 
for  use  with  the  SiC  fiber. 

The  HyE  2034D  material  consists  of  Union  Carbide's 
VSC-32  pitch 'based  graphite  fiber  in  Fiber! te ' s  934  epoxy 
resin  system.  The  VSC-32  is  a  low  cost  75xlG6  psi  (517  GPa) 
modulus  fiber  which  can  favorably  compete  with  boron  in  many 
applications . 

The  V378A  resin  is  a  450 °F  (232°C)  polyimide  system 
which  was  developed  by  U.S.  Polymeric  and  was  of  interest 
to  many  respondents  to  our  mail  and  telephone  inquiries. 
Initially,  it  was  intended  to  characterize  the  resin  on 
Celion  6000  graphite  fiber  with  a  polyimide  (NR150B2)  size 
but  initial  testing  by  U.S.  Polymeric  indicated  that  epoxy 
sized  T300  produced  better  property  levels  with  V378A.  Rather 
than  wait  for  further  development  work  with  other  fiber  finishes 
on  Celion,  it  was  decided  to  go  ahead  with  T300  as  the  reinforce¬ 
ment. 

The  fifth  material  selected  was  HyE  1076J  and  consisted 
of  Thornel  300  (15,000  filament  tow)  in  Fiberite's  new  976 
epoxy,  a  350®F  (177°C)  rated  resin  with  better  moisture 
resistance  than  the  934  system.  Originally  the  fiber  desired 
in  this  prepreg  was  Hercules'  AS4  graphite  in  a  12,000  filament 
tow.  This  fiber,  however,  was  not  readily  available  at  the 
time  and  in  order  to  avoid  a  delay  of  uncertain  duration,  the 
T300  was  substituted. 

The  last  material  tested  was  AVCO's  6535-1  graphite/epoxy 
prepreg  system.  This  consisted  of  a  160,000  filament  tow 
graphite  fiber  in  a  350*F  (177°C)  class  epoxy  resin.  Both 
components  were  AVCO  products. 
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SECTION  3 

TEST  PROGRAM  AND  PROCEDURES 

Tiie  laboratory  efforts  required  during  this  program  con¬ 
sisted  of  four  generally  sequential  steps  for  each  of  the  six 
materials  characterized.  These  consisted  of  prepreg  physical 
property  characterization,  laminate  fabrication  and  specimen 
machining,  laminate  physical  property  characterization,  and 
laminate  mechanical  and  thermophysical  property  measurements. 
Each  of  the  test  methods  and  types  of  specimen  used  in  the  de¬ 
termination  of  these  various  properties,  as  well  as  the  panel 
fabrication  and  specimen  preparation  procedures,  are  described 
in  this  section.  Procedures  or  circumstances  which  were  unique 
to  a  particular  material  are  discussed  in  detail  in  the 
appropriate  part  of  Section  4 . 

3.1  PREPREG  PHYSICAL  PROPERTY  CHARACTERIZATION 

The  standard  prepreg  physical  properties  which  were 
measured  consisted  of  volatile  content,  resin  content,  and 
gel  time.  In  addition,  flow  was  measured  on  some  of  the 
materials  and  high  pressure  liquid  chromatographic  (HPLC) 
analyses  were  conducted  on  all  but  one  of  the  prepregs .  The 
specific  test  methods  used  to  determine  these  properties  are 
identified  in  Table  2  for  each  prepreg  system.  Detailed  step- 
by-step  procedures  for  each  of  the  prepreg  test  methods  listed 
in  Table  2  are  presented  in  Appendix  B.  The  summarized  prepreg 
properties  themselves  are  presented  in  Section  4  for  each 
specific  material.  These  prepreg  physical  property  charac¬ 
terizations  were  not  intended  primarily  as  a  means  of  accepting 
or  rejecting  a  particular  batch  of  material.  Rather,  they  were 
conducted  to  provide  the  reader  with  an  indication  of  the  normal 
property  levels  and  variability  encountered  in  purchased  pre¬ 
preg  and  also  to  provide  a  basis  for  the  subsequent  assessment 
of  laminate  properties  obtainable  from  such  prepreg. 
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TABLE  2 

PREPREG  PHYSICAL  PROPERTY  TEST  AMD  SPECIFICATIONS 


•Best  Specification  Iclentificatian1  j 

Prepreg 

Material 

Volatile 

Content 

Resin 

Content 

Flow 

T300/AFRBOO 

HD-SG-2-6006C 

(5.2); 

Hercules 

ID-SG-2- 

S006C(5.5) 

lercules 

HD-SG- 2-6006C 

(5.3.2B); 

Hereules 

SiC/5506 

4. 2. 3. 3 

Adv.  Comp. 

Des.  Guide 

4. 2. 3. 2.1 

Adv.  Comp . 

Des.  Guide 

HyE  2034D 

QCI-C-V-14 

Fiberite 

R15 

Fiberite 

G2 

Fiberite 

QCI-C-F-42 

Fiberite 

T300/V378A 

QCI-C-V-14 

Fiberite 

R15 

Fiberite 

G2 

Fiberite 

— 

HyE  1076J 

QCI-C-V-14 

Fiberite 

R15 

Fiberite 

G2 

Fiberite 

— 

6535-1 

QCI-C-V-14 

Fiberite 

R15 

Fiberite 

G2 

Fiberite 

lEach  of  the  procedures  identified  in  this  table  are  presented  in  their 
entirety  in  Appendix  B. 


Reverse  phase  HPLC  was  used  to  separate  the  epoxy  and 
polyiraide  resins  into  their  constituent  components.  A  4.6  mm 
diameter  by  25  cm  long  column  packed  with  Zorbax  ODS  (by  DuPont) 
was  used  in  conjunction  with  a  mobile  phase  of  dioxane  and  water. 

A  programmed  concentration  gradient  for  the  mobile  phase  was 
selected  for  optimum  peak  separation  and  analysis  time.  In 
this  program/  the  mobile  phase  started  as  100  percent  water 
to  precipitate  the  resin  at  the  head  of  the  column.  Increasing 
percentages  of  dioxane  were  added  to  separate  and  move  the  resin 
components  through  the  column.  Since  reverse  phase  chromatography 
uses  a  non-polar  support  and  a  polar  mobile  phase ,  the  more  polar 
compounds  elute  first  followed  by  less  polar  components  as  the 
mobile  phase  becomes  less  polar. 


Samples’  for  the  prepreg  physical  property  tests  were  ob¬ 
tained  from  each  roll  of  prepreg  tape  and  three  specimens  were 
used  for  each  test.  A  complete  tabulation  of  these  prepreg 
test  results  is  presented  in  Appendix  B.  All  of  the  prepreg 
used  in  this  program  except  for  the  T300/AFR800  was  stored  at 
-30°F  (~34°C)  when  not  in  use  and  all  of  the  laminates  needed 
for  the  program  were  prepared  prior  to  the  expiration  of  the 
manufacturer's  stated  storage  life  of  each  specific  material. 

In  addition,  a  written  record  was  maintained  for  each  roll  of 
prepreg  which  noted  the  cumulative  total  time  the  material  was 
exposed  to  room  temperature  conditions  during  the  period  in 
which  laminates  were  being  fabricated  from  the  tape.  The 
T30Q/AFR8Q0  material  was  stored  at  room  temperature  since 
this  material  was  formulated  to  have  extended  room  temperature 
storage  life. 

3.2  LAMINATE  PROCESSING  AND  SPECIMEN  FABRICATION 

When  laminates  were  to  be  made,  the  roll  of  prepreg 
was  (except  for  the  T300/AFR800  material)  removed  from  the 
freezer  and  allowed  to  warm  to  room  temperature  without 
opening  the  sealed  bag  in  which  the  prepreg  was  contained. 

This  was  done  in  order  to  eliminate  the  chance  of  moisture 
condensation  directly  on  the  prepreg  material.  After  the 
prepreg  had  warmed  thoroughly  to  room  temperature,  it  was 
removed  from  its  package  and  unrolled  on  a  clean  countertop. 
Pieces  were  cut  from  the  tape  in  the  required  shape  and  size 
with  a  razor  and  after  removing  the  release  paper,  carefully 
layed  up  in  the  desired  stacking  sequence  for  a  particular 
laminate  panel.  This  stack  was  then  carefully  rebagged  and 
returned  to  the  freezer  for  storage  until  lamination  and 
curing.  Normally  ten  or  more  laminates  were  layed  up  at  the 
same  time  to  minimize  "out  time"  with  the  prepreg.  When  a 
laminate  was  to  be  cured,  it  was  removed  from  the  freezer  and 
warmed  to  ambient  before  reopening  its  storage  bag.  The  prepreg 
was  then  removed  from  the  storage  bag  and  incorporated  into  a 


layup  stack  similar  to  that  illustrated  in  Figure  1.  This 
layup  stack  was  assembled  on  the  table  platen  in  an  autoclave. 

The  detailed  curing  schedules  for  each  specific  prepreg 
material  are  presented  in  Section  4.  After  lamination  and 
cure/  machining  diagrams  were  sketched  onto  the  panel  surfaces 
and  individual  specimens  were  cut  out  of  the  panels  with  a 
diamond  cut-off  wheel  and  finish  machined  to  the  required 
dimensions  on  a  Tensile-Cut  belt  sander .  In  the  case  of  the 
silicon  carbide  reinforced  panels/  the  hardness  of  the  fiber 
made  final  specimen  machining  so  difficult  that  the  laminates 
were  finish  cut  to  final  dimensions  on  a  special  diamond  cut¬ 
off  wheel  equipped  with  an  accurately  positioned  movable  table. 
Specimens  from  each  panel  were  set  aside  for  measurement  of 
panel  physical  characteristics. 

Most  of  the  mechanical  test  specimens  required  doubling 
tabs  in  the  grip  sections.  A  1/16-inch  thick  glass  fabric 
reinforced  phenolic  laminate  material  was  used  for  this  purpose. 
Scotchply  is  specified  in  the  Design  Guide  for  tab  material  but 
it  proved  unsatis factory  for  the  elevated  temperatures.  Several 
adhesives  were  used  to  bond  the  tabs  to  the  specimen.  Originally 
Loctite  306  was  used  for  all  tab  bonding.  When  multidirectional 
ply  orientations,  which  required  high  loads,  were  introduced 
into  the  program;  however,  it  was  found  necessary  to  switch  to 
FM40Q  as  a  tab  adhesive.  M-Bond  200  was  used  as  a  tab  adhesive 
cn  specimens  which  were  humidity  aged  prior  to  testing  because 
these  specimens  did  not  require  high  loads  and  this  adhesive 
cured  rapidly  (three  to  five  minutes)  at  room  temperature, 
thereby  minimizing  specimen  dryout.  The  FM400  was  cured  at 
325°F  (163°C)  for  one  hour.  The  Loctite  306,  when  it  was  used, 
was  cured  for  15  minutes  at  275 °F  (135°C) .  All  tabs  were 
clamped  in  place  with  spring  clamps  during  adhesive  cure. 

3.3  LAMINATE  PHYSICAL  PROPERTY  CHARACTERIZATION 

Four  different  physical  properties  were  measured  on  each 
laminate  to  insure  acceptable  laminate  quality.  These  were 
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Figure  1.  Typical  Laminating  Layup  Stack. 


_ _ ijir_ _ ^_  _ 

specific  gravity,  resin  content,  fiber  content,  and  void  content. 
Each  of  the  procedures  used  for  these  measurements  is  identified 
and  discussed  in  the  following  paragraphs.  The  laminate 
physical  properties  obtained  for  each  of  the  materials  invest! — 
gated  are  summarized  in  tables  in  Section  4  and  are  presented 
in  their  entirety  in  Appendix  c. 


3.3.1 


Three  specimens  from  widely  scattered  locations 
on  each  laminate  were  selected  for  specific  gravity  determina¬ 
tions.  Specimen  size  depended  upon  both  panel  size  and  the 
number  and  size  of  mechanical  test  specimens  required  from  the 
panel,  but  in  general  ranged  from  a  minimum  of  1/2"  x  1/2*  to 
a  maximum  of  1*  x  3/4".  The  method  used  was  ASTM  D792,  a  weight- 
in- air/ weight-in-water  technique . 


3.3.2  Resin  Content 


The  same  specimens  which  were  used  for  specific 
gravity  measurements  were  used  for  resin  content  determinations. 

The  procedure  used  involved  the  digestion  of  the  matrix  resin 
in  an  acid  solution  at  elevated  temperatures.  For  the  five 
epoxy  matrix  systems,  the  acid  solution  was  70%  nitric  acid 
at  145°F  (63*C) ♦  For  the  polyimide  matrix  system  (V378A) , 
the  digestion  solution  consisted  of  a  mixture  of  96%  sulfuric 
acid  and  30%  hydrogen  peroxide  (80:20  volume  ratio,  respectively, 
in  the  mix)  at  175°F  (78°C) . 

3.3.3  Fiber  Content 

The  fiber  contents  of  the  laminates  were  computed, 
as  percent  by  volume,  from  the  same  data  used  for  the  resin 
content  determinations .  The  computational  procedure  is 
illustrated  in  AFML-TR-67-243  and  employed  values  for  fiber 
and  resin  specific  gravity  reported  by  the  respective  manufacturers. 

3.3.4  Void  Content 

The  void  contents,  just  as  the  fiber  contents, 
were  computed,  as  percent  by  volume,  from  the  same  data  obtained 
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in  the  resin  content  determinations.  The  computational  pro¬ 
cedure  is  described  in  ASTM  D2734,  method  B.  The  result  of 
this  procedure  frequently  gives  negative  values  for  laminates 
having  low  void  contents.  This  occurs  because  minor  inaccuracies 
in  the  values  used  for  resin,  fiber,  and  composite  specific 
gravities  become  significant  at  low  void  contents.  A  negative 
result  was  obtained  for  numerous  laminates  made  in  this  program, 
even  though  photomicrographs  did  sometimes  reveal  the  presence 
of  low  levels  of  porosity.  Figure  2  illustrates  typical  laminate 
cross  sections  for  each  of  the  composite  materials  characterized. 

3.4  SPECIMEN  CONDITIONING 

Three  different  types  of  conditioning  were  involved  in  this 
program.  The  first  was  simply  a  dry  dessicated  storage  of 
finished  specimens  at  ambient  temperature  until  they  were  to  be 
tested.  This  provides  a  data  base  for  the  dry  material  to  which 
both  humidity  aging  data  and  data  for  other  materials  systems 
can  be  compared . 

The  second  type  of  conditioning  was  the  elevated  and  re¬ 
duced  test  temperatures .  In  all  of  the  mechanical  testing  except 
for  specimens  which  were  humidity  aged,  the  specimens  were  soaked 
for  one-half  hour  at  the  test  temperature  prior  to  loading. 
Thermal  conductivity  specimens  were  soaked  at  temper a ture  for 
periods  of  from  one  to  several  hours  in  order  to  provide  suf¬ 
ficient  time  for  the  test  stack  to  reach  thermal  equilibrium 
before  readings  were  taken.  The  thermal  expansion  and  specific 
heat  specimens  were  soaked  for  various  periods  of  time  at  the 
endpoints  of  the  test  temperature  brackets  in  order  to  permit 
stable  baseline  recordings  to  be  achieved.  These  periods 
typically  ran  from  five  to  30  minutes  in  the  specific  heat 
tests  to  one-half  to  one  hour  in  the  thermal  expansion  tests. 

The  glass  transition  temperature  tests  did  not  involve  an 
ijothermal  soak  since  the  specimen  was  heated  at  a  constant 
rate  throughout  the  test. 
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The  third  type  of  conditioning  was  an  elevated  tenperature , 
high  humidity  exposure.  The  specimens  involved  in  these  tests 
were  exposed  to  conditions  of  160  °F  and  100%  R.H.  until  they 
either  reached  saturation/  as  evidenced  by  constant  weight/  or 
about  50%  of  their  saturated  weight  gain.  Specimens  were 
removed  from  the  humidity  cabinets  for  weighing  periodically 
to  determine  weight  gain.  The  frequency  of  removal  varied  from 
material  to  material  depending  upon  whether  the  aging  was  being 
carried  to  saturation  or  half-saturation  and  upon  the  rate  and 
extent  of  moisture  absorption  by  the  particular  matrix  system 
being  aged.  The  half- saturation  agings,  for  example ,  typically 
required  between  18  hours  and  nine  days,  depending  upon  the 
size  of  the  specimen  and  the  material.  Normally  two  to  six 
weighings  were  made  during  this  period  at  various  intervals. 

The  fully  saturated  agings,  on  the  other  hand,  required  from 
one  to  12. weeks  to  complete,  again  depending  on  specimen  size 
and  material.  Specimens  were  removed  from  the  aging  cabinet 
and  weighed  between  four  and  ten  times  at  intervals  of  three 
to  14  days.  After  final  removal  from  the  humidity  aging,  the 
specimens  were  tested  at  both  72°F  and  at  one  of  the  elevated 
temperatures  for  which  data  on  dry  specimens  were  obtained. 

After  removal  frcm  the  humidity  aging  cabinet,  the  specimens 
were  kept  in  a  72aF,  100%  R.H.  environment  until  tested 
{less  than  one-half  day) .  During  this  period  the  specimens 
were  exposed  to  ambient  conditions  for  a  maximum  of  about 
45  minutes,  during  which  time  strain  gages  and  gripping  tabs 
were  mounted  on  the  specimens  (interlaminar  shear,  short  beam 
specimens  of  course,  did  not  need  this) .  The  specimens  tested 
at  elevated  temperature  were  placed  in  a  preheated  test  oven 
and  tested  after  a  five  to  ten  minute  soak  at  the  test  tem¬ 
perature  .  The  insertion  of  the  specimens  for  elevated  tem¬ 
perature  testing  into  the  grips  in  the  test  oven  required  less 
than  one  minute,  during  which  time,  the  oven  temperature  fell 
about  50®F  below  its  setpoint.  The  five  to  ten  minute  soak  time 
was  counted  from  the  time  the  oven  temperature  returned  to  its 
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set  point.  The  test  oven  required  about  five  minutes  to  return 
to  its  set  point.  Hence,  the  humidity  aged  specimens  which  were 
tested  at  elevated  temperature  were  actually  in  the  test  oven 
for  a  maximum  of  10-15  minutes  before  testing.  It  is  recognized 
that  any  elevated  temperature  soak  of  a  "wet"  composite  produces 
a  drying  effect  so  that  the  test  results  are  not  actually 
representative  of  a  truly  “saturated"  material.  A  compromise 
must  be  made,  however,  between  the  length  of  time  required 
for  a  specimen  to  heat  up  to  the  test  temperature  and  the  rate 
at  which  a  specimen  dries  out.  Ideally,  a  steam  test  chamber 
would  eliminate  the  requirement  to  make  such  a  compromise. 

Few  organizations  have  such  a  test  chamber,  however.  The 
dryout  which  does  occur  during  this  period  in  the  test  oven 
results  in  a  moisture  concentration  gradient  through  the  thick¬ 
ness  of  the  specimen,  with  the  surfaces  being  “drier"  than  the 
interior.  Several  investigations^1-6^  have  conducted  measure¬ 
ments  on  various  composite  materials  and  developed  analytical 
expressions,  based  on  diffusion  studies,  which  can  be  used  to 
compute  moisture  content  profiles  in  “wet"  laminates  exposed 
to  elevated  temperature  dryout  conditions.  No  attempt  was 
made  in  this  work  to  measure  the  degree  of  moisture  loss  which 
occurred  during  testing  of  the  "wet"  specimens . 

With  the  T30G/V378A  material,  the  effect  of  timo-at- 
teroperature  (350°F,  1?7°C)  before  testing  was  examined  on  90° 
compression  specimens  which  had  been  humidity  aged  to  saturation. 
Two  specimens  were  tested  after  10  minutes  and  three  were  tested 
after  5  minutes  at  350oF  (177°C) .  The  10-minute  soak  produced 
an  average  strength  of  17.0  ksi  (117  MPa) ,  while  the  5  minute 
soak  produced  an  average  strength  of  20.1  ksi  (138  MPa) .  This 
would  seem  to  indicate  that  the  specimens  after  10  minutes  may 
have  been  nearer  to  the  test  temperature  than  after  5  minutes. 

As  far  as  the  effect  of  drying  out  is  concerned,  the  5  minute 
values  should  have  a  higher  retained  moisture  level  than  the 
10  minute  values . 
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3.5  LAMINATE  MECHANICAL  AND  THERMOPHYSICAL  PROPERTY 

CHARACTERIZATION 

A  total  of  eight  types  of  mechanical  property  tests  were 
performed  on  the  composite  materials  evaluated  during  this  pro¬ 
gram;  tension,  compression,  flexure,  inplane  shear,  inter¬ 
laminar  shear,  tensile  creep,  tensile  stress -rupture,  and 
tensile- tensile  fatigue.  In  addition,  four  thermophysical 
properties  were  measured;  specific  heat,  thermal  conductivity, 
coefficient  of  thermal  expansion,  and  glass  transition  tem¬ 
perature.  Tables  3-6  summarize  the  test  matrices  for  the  various 
types  of  tests  conducted  in  this  program,  indicating  the 
number  of  specimens  tested  for  each  test  and  test  condition. 

It  can  be  observed  from  Tables  3  and  4  that  the  test 
matrices  for  the  static  and  dynamic  mechanical  tests  were  not 
the  same  for  each  of  the  six  materials  tested.  Two  basic 
changes  were  made  during  the  program,  each  of  which  imposed 
a  different  requirement  for  various  numbers  of  certain  tests 
and  ply  stacking  sequence  t>r.  the  composite  systems  subsequently 
tested.  These  changes  affected  only  the  static  tensile  and 
the  creep  and  fatigue  tests. 

It  was  determined  early  in  the  program  that  there  was 
very  little  interest  in  or  use  for,  creep  and  fatigue  data  on 
unidirectional  0®  or  90°  laminate  orientations.  Rather,  it 
was  determined  there  was  considerably  more  interest  in  data 
on  a  multidirectional  layup  consisting  of  something  on  the 
order  of  50%  0°  plies,  45%  +45°  plies,  and  10%  90®  plies. 

Even  though  the  stacking  sequence,  and  amount  and  direction  of 
each  ply  orientation  cay  be  unique  to  a  particular  application, 
there  was  considerably  more  interest  expressed  in  creep  and 
fatigue  data  on  any  multidirectional  layup  corresponding 
roughly  to  the  composition  expressed  above  than  in  0°  or  90° 
unidirectional  data.  Consequently,  it  was  decided  to 
discontinue  creep  and  fatigue  tests  on  the  unidirectional 
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TABLE  3 

STATIC  MECHANICAL  PROPERTY  TEST  MATRIX 


Test  Type 

Test  Material 

T300/AFR80Q 

SiC/5506 

HyE2034D 

T300/V378A 

HyE1076J 

6535-1 

0°  Tension1 

20 

20 

20 

20 

20 

20 

90°  Tension1 

20 

20 

20 

20 

20 

20 

±45°  Tension1 

20 

20 

20 

20 

20 

20 

(0/145/90)  Tension2  > 5 

0 

15 

15 

15 

15 

5 

(0/145/90)  Tension 
with  hole3* s>  8 

0 

5 

5 

5 

5 

0 

(0/145/90)  Tension3}6 

0 

0 

0 

0 

0 

5 

(0/145)  Tension3}7 

0 

0 

0 

0 

0 

5 

0®  Compression1 

20 

20 

20 

20 

20 

20 

90®  Compression1 

20 

20 

20 

20 

20 

20 

0®  Flexure1 

20 

20 

20 

20 

20 

20 

90®  Flexure1 

20 

20 

20 

20 

20 

20 

Inplane  Shear1 

20 

20 

20 

20 

20 

20 

Interlaminar  Shear4 

25 

25 

25 

25 

25 

25 

lFive  tests  each  at  four  different  test  temperatures . 

2Five  tests  each  at  three  different  test  temperatures  except  for 
6535-1,  in  which  case  all  five  were  at  room  temperature. 

3A11  five  tests  at  room  temperature. 

4 Ten  tests  at  room  temperature ,  five  tests  each  at  other  three 
test  temperatures  - 

3Tweaty-ply  with  stacking  sequence  (0,45,-45,0,0,-45,45,0,90,0) s. 

6Twenty~ply  with  stacking  sequence  (0,9Q,45,-45,Cs,0,-45,45,0,0)s. 

7 Sixteen-ply  with  stacking  sequence  (0,45 ,-45 ,0,0,-45,45,0) s. 
Specimens  had  a  0.1935  inch  (4.91  mm)  hole  in  center  of  gage  section. 


TABLE  4 


DYNAMIC  AND  TIME  DEPENDENT  MECHANICAL  PROPERTY 
TEST  MATRIX 


Test  Type 

Test  Material  I 

t*wsiSfes*;ww 

vmmw. 

V SSHBWE3 

KWaCTEEl 

tmm\ 

0°  Tensile  creep/ 

Stress  Rupture 

18  U* 

— 

— 

— 

— 

90°  Tensile  Creep/ 
Stress-Rupture 

27  W 

— 

— 

— 

— 

+45®  Tensile  Creep/ 
Stress-Rupture 

27 

27 

27 

27 

27 

27 

(0/+45/90)  Tens.  Creep/ 
Stress-Rupture 1 2 3 * 5 * 7  8 

— 

27 

27 

27 

27 

6  US 

(0/+45/90)  Tens.  Creep/ 
Stress-Rupture  9 

— 

— 

— 

- - 

— 

6 

(0/+45)  Tensile  Creep/ 
Stress-Rupture1 0 

— 

— 

— 

— 

6 

0°  Tensile-Tensile 
Fatigue 

30  “W 

— 

— 

— 

— 

— 

90®  Tensile-Tensile 
Fatigue 

30 

— 

— 

— 

— 

Ht45°  Tensile-Tensile 
Fatigue 

30 

30 

30 

30 

30 

30 

(0/+45/90)  Tensile- 
Tensile  Fatigue8 

— 

30 

30 

30 

30 

15*V 

(0/+45/90)  Tensile- 
Tensile  Fatigue 
with  hole8 

15 

15 

15 

15 

(0/+45/9Q)  Tensile- 
Tensile  Fatigue9 

— 

— 

— 

— 

— 

15 

(0/+45)  Tensile- 
Tensile  Fatigue 1 0 

— 

— 

— 

— 

— 

15 

1Three  tests  per  stress  level . 

2Five  tests  per  stress  level. 

3 Two  stress  levels  per  test  temperature. 

‘‘Three  stress  levels  per  test  temperature. 

5One  test  temperature . 

5 Two  test  temperatures . 

7Three  test  temperatures. 

8Twenty  ply  with  stacking  sequence  [0,45, -45,0,0, -45, 45,0, 90, 0)s 

^Twenty  ply  with  stacking  sequence  [0,90,45 ,-45, 0,0, -45, 45.0, 0]s 

0  Sixteen  ply  with  stacking  sequence  [0,45 ,-45, 0,0, -45,45, 0]s 
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TABLE  5 


THERMOPHYSICAL  PROPERTY  TEST  MATRIX 


Test  Type 

Test  Temper a ture 1 

-67*  F 

72°F 

T3 

*4 

Specific  Heat 

3 

3 

3 

3 

0°  Thermal  Conductivity 

3 

3 

3 

3 

+45°  Thermal  Conductivity 

3 

3 

3 

3 

0°  Thermal  Expansion 

3 

3 

3 

3 

90°  Thermal  Expansion 

3 

3 

3 

3 

+45°  Thermal  Expansion 

3 

3 

3 

3 

Glass  Transition  Temp.2 (dry) 

3 

(wet) 

3 

*The  two  elevated  temperatures  varied,  depending  upon  the 
matrix  resin. 

2 Dry  refers  to  the  as-fabricated  composite  condition,  while  wet 
refers  to  the  condition  of  the  specimen  after  it  has  reached 
an  equilibrium  weight  gain  during  humidity  aging  at  160°F  and 
100%  R.H. 


TABLE  6 

TEST  MATRIX  FOR  STATIC  MECHANICAL  PROPERTY 
TESTS  AFTER  ELEVATED  TEMPERATURE, 

HIGH  HUMIDITY  AGINGS 


Test  Type 

Saturation  Level  I 

50% 

100% 

Test  Temperature. 

Test  Temperature 

72°F 

T3 

72°F 

T3 

90°  Tension 

5 

5 

5 

5 

90°  Compression 

5 

5 

5 

5 

Interlaminar  Shear 

10 

5 

10 

5 

^his  temperature  varied  depending  upon  the  specific  material. 
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0°  and  90°  orientations  after  completion  of  the  work  on  the 
first  material  (T300/AFR800)  and  to  substitute  a  multidirectional 
(0,45, -45, 0,0, -45, +45,0,90, 0) s  orientation  instead.  In  addition, 
some  specimens  with  this  orientation  were  also  to  be  prepared 
with  a  hole  in  the  center  of  the  gage  section  to  obtain  an 
indication  of  notch  sensitivity.  The  resulting  t. ~t  matrix 
was  maintained  for  the  next  four  materials  which  were  charac¬ 
terized  (SiC/5506,  HyE2034D,  T300/V378A,  and  HyE1076J) .  At 
that  point  another  change  was  made. 

During  the  testing  of  the  multidirectional  specimens 
discussed  above,  it  was  noted  that  the  specimens  exhibited 
delamination  along  the  edges  at  the  mid-plane  during  tensile 
loading.  The  point  at  which  this  delamination  occurred  was 
not  recorded  until  the  testing  of  the  last  material  but 
occurred  at  a  stress  level  well  below  that  needed  to  fracture 
the  specimen.  In  fact,  during  fatigue  testing,  these  delamina- 
tions  were  usually  dramatically  evident  long  before  final 
failure,  or,  in  the  case  of  some  specimens,  termination  of 
the  tests  for  residual  strength  determinations. 

The  reason  for  this  delamination  was  the  development  of 
tensile  stresses,  at  the  free  edge  of  the  specimen,  normal 
to  the  plane  of  the  specimen.  These  stresses,  in  turn,  arise 
because  of  the  relative  position  of  the  various  ply  orientations, 
and  the  differences  in  the  Poissons  ratio  of  these  different 
plies.  A  seemingly  innocuous  shifting  of  the  position  of  the 
90*  plies,  or  the  elimination  of  them  altogether,  can  drastically 
change  the  normal  free-edge  stress  levels  in  specimens  such  as 
those  under  discussion.  Several  authors  have  addressed  this 
issue  in  the  literature  and  an  analysis  of  the  orientations 
tested  in  this  program  and  discussion  of  the  effects  of 
alternative  ply  stacking  sequences  is  presented  in  Appendix  A. 

As  a  result  of  this  consideration,  two  additional  multi¬ 
directional  orientations  besides  the  original  (0,45,-45,0,0,-45, 
45,0,90,01 s  orientation  were  added  to  the  static  and  dynamic 
test  matrix  for  the  last  material.  In  order  to  offset  these 
additions,  the  number  of  tests  to  be  run  for  each  orientation 
was  reduced,  as  indicated  in  Tables  3  and  4. 
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In  addition  to  the  nunfeer  of  specimens  indicated  in 
Tables  3-6,  however,  numerous  instances  were  encountered  where 
extra  ox  replacement  specimens  had  to  ha  tested.  These  situa¬ 
tions  Included  instances  where  failures  occurred  in  the  tabbed 
grip  areas  rather  them  in  the  gage  section,  where  instrumentation 
failures  prevented  full  data  acquisition  or  aborted  a  test,  or 
simply  occasions  when  anomalous  results  were  obtained  which 
dictated  rechecking.  Another  source  of  extra  specimen  testing 
involved  the  creep  and  fatigue  tests.  In  these  tests  it  was 
found  on  several  occasions  that  the  stress  levels  initially 
selected  produced  premature  failures.  Consequently,  the  stress 
levels  at  which  these  tests  were  conducted  were  lowered  and  extra 
specimens  tested  so  as  to  provide  the  full  complement  of  results 
required.  It  will  be  noted  in  the  summarized  results  in  Section  4 
that  the  number  of  specimens  for  which  the  average  property 
values  are  reported  varies  from  property  to  property.  As  dis¬ 
cussed  above,  in  some  cases  extra  tests  were  conducted  which 
raised  the  number  of  specimens  above  the  original  plan.  In 
other  cases,  the  behavior  of  the  test  specimen  during  test 
prevented  the  acquisition  of  one  or  more  properties  from  that 
particular  specimen.  If,  for  example,  the  specimens  underwent 
excessive  elongation  before  failure,  the  strain  gages  were  lost 
and  ultimate  elongation  data  were  not  obtained,  even  though 
strength,  modulus,  proportional  limit,  and  Poisson  ratio  values 
were. 

In  the  succeeding  sections,  descriptions  of  each  of  the 
test  methods  used  to  obtain  the  mechanical  and  thermophysical 
properties  are  presented.  The  summarized  test  results  for 
each  specific  material  system  are  presented  in  Section  4  and 
a  complete  tabulation  of  all  of  these  test  results  is  presented 
in  Appendices  D  thru  Q. 

3.5.1  Tension 

Tensile  tests  were  conducted  in  general  accordance 
with  ASTM  method  D3039.  The  doubling  tabs  were  a  glass  fabric/ 
phenolic  laminate  material  as  discussed  previously  (Paragraph 
3.2).  The  tensile  tests  were  conducted  at  an  extension  rate 
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of  0.05  inch/minute  (1.3  rnm/xftlnute)  on  an  Instron  Universal 
Testing  Machine.  All  of  the  tensile  strains  were  monitored 
with  strain  gages.  This  test  procedure  corresponds  to  ASTM 
method  D3039  except  for  the  tab  materials.  In  the  ASTM  specifi¬ 
cation,  the  tab  material  called  for  is  a  non-woven  0°/90° 

Scotchply  material  1/8  inch  thick,  while  in  this  program  a  woven 
glass/phenolic  material  1/16  inch  thick  was  used  satisfactorily. 

Unidirectional  0°  specimens  were  one-half  inch 
(12.7  mm)  wide  while  specimens  with  all  other  orientations 
(90°,  +45°,  or  multidirectional)  were  one  inch  (25.4  mm)  wide. 

The  tensile  proportional  limits  were  determined 
with  the  understanding  that  the  proportional  limit  should  rep¬ 
resent  the  point  at  which  a  significant  departure  from  linearity 
in  the  slope  of  the  stress-strain  curve,  presumably  indicative 
of  damage  to  the  specimen,  occurs.  This  can  produce  a  sub¬ 
stantially  different  value  than  if  one  were  to  simply  take  the 
point  of  first  deviation  from  linearity.  The  first  deviation 
of  the  stress-strain  curve  from  linearity  on  the  0°  fiber 
orientations  actually  occurred  at  roughly  one-third  of  the 
ultimate  stress  but  at  this  point  the  slope  of  the  curve  increased 
rather  than  decreased.  It  is  generally  conceded  that  this 
phenomena  is  due  to  the  behavior  of  the  reinforcing  graphite 
fiber  since  the  same  behavior  is  noted  when  testing  bare  graphite 
fibers.  Consequently,  this  is  not  felt  to  indicate  damage  to 
the  specimen.  No  decrease  in  the  slope  of  the  stress-strain 
curve  was  in  fact  noted  for  most  of  the  0°,  90°,  or  multi¬ 
directional  fiber  orientations  prior  to  failure  except  for  the 
high  temperature  tests  on  the  90°  fiber  orientations,  and  for 
this  reason  the  porportional  limit  is  reported  as  equivalent 
to  the  ultimate  strengths .  On  some  of  the  high  temperature  tests 
with  the  90°  fiber  orientations,  on  all  of  the  +45°  fiber 
orientations  and  on  all  of  the  SiC/5506  specimens,  a  significant 
decrease  in  the  slope  of  the  stress-strain  curves  was  observed 
below  the  ultimate  strength.  Whether  this  indicates  the  onset 
of  real  and  significant  damage,  at  least  at  the  point  of  first 
departure,  or  simply  the  onset  of  nonlinear  behavior,  is  a  moot 
point . 
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The  Poisson's  ratio  values  were  experimentally  measured 
on  all  but  the  90°  fiber  orientation.  For  thiSj  it  was  computed 
from  the  relationship: 

/* 22  \ 

V21  "  v12  “/*  where 

V21  “  Poisson's  ratio  of  a  90°  fiber  orientation, 
v12  ~  P°isson's  ratio  of  a  0°  fiber  orientation, 

E22  =  Elastic  modulus  of  a  90*  fiber  orientation,  and 
I2ll  =  Elastic  modulus  of  a  0®  fiber  orientation. 

3.5.2  Compression 

Compression  tests  were  conducted  in  accordance 
with  ASTM  method  D3410  except  that  the  tab  material  was  the  same 
glass/phenolic  material  that  was  used  in  the  tension  tests.  The 
compression  tests  were  conducted  at  a  speed  of  0.05  inch/minute 
(1.3  mm/minute)  on  an  Instron  Universal  Testing  Machine.  Prior 
to  adoption  by  ASTM,  this  test  method  was  widely  referred  to  as 
the  Celanese  compression  coupon  test  method. 

Compression  testing  has  traditionally  been  the 
subject  of  considerable  controversy  because  of  the  various 
types  of  failure  modes  one  can  encounter.  Not  only  can  one 
obtain  different  failure  modes  with  different  types  of  test 
specimens  and  fixtures,  but  one  can  also  experience  different 
types  of  failure  inodes  from  the  same  type  of  test  specimen  and 
fixture,  inherent  in  the  question  of  what  is  or  is  not  a 
desirable  failure  mode  is  the  requirement  to  avoid  a  gross 
specimen  buckling-type  of  failure.  This  is  different  from 
what  is  called  microbuckling,  which  consists  of  longitudinally 
oriented  reinforcing  fibers  undergoing  individual,  localized, 
buckling  due  to  compressive  stresses  within  the  composite  ex¬ 
ceeding  the  capability  of  the  resin  matrix  to  support  the  fiber 
and  maintain  its  axial  alignment.  Microbuckling  is  generally 
considered  a  legitimate  compressive  failure  mode,  while  gross 
specimen  buckling  resulting  from  column  instability  is  not. 

In  order  to  eliminate  the  occurrence  of  column  instability 
failures,  specimens  are  designed  with  a  slenderness  ratio 


sufficient  to  insure  compressive  failure  before  the  load 
necessary  to  initiate  column  buckling  is  reached.  Clark  and 
Lisagor  ^  recently  examined  three  different  compressive  test 
methods  for  graphite/epoxy  composites.  The  effects  of  specimen 
size,  support  arrangement,  and  method  of  load  transfer  were 
investigated.  Their  conclusion  was  that  no  single  test  fixture 
appeared  to  be  universally  adequate.  Each  of  the  three 
techniques  studied  exhibited  the  potential  to  provide  reliable 
coapressive  properties  data  in  certain  instances.  A  method 
using  what  is  designed  as  an  IITRI  (Illinois  Institute  of 
Technology  Research  Institute)  fixture  was  found  to  provide 
the  most  consistent  data  for  unidirectional  and  quasi-isotropic 
laminates  while  a  face  supported  fixture  provided  the  most 
consistent  results  for  (+4S/+45) s  specimens . 

The  compression  test  described  in  D3410  is  similar 
to  that  described  in  Clark  and  Lisagor  using  the  IITRI  fixture. 
The  principle  difference  is  that  the  IITRI  fixture  utilizes 
flat  wedge  type  grips  while  the  grips  in  D3410  are  conical 
wedges.  One  objection  to  this  test  method  which  has  been  raised 
is  that  the  mated  conical  surfaces  make  line  rather  than  surface 
contact  during  testing  and  that  this  produces  frictional  and 
alignment  problems  which  affect  idle  recorded  results .  ^ 8 Our 
experience  has  been  that  the  frictional  problems  are  minimal 
except  when  testing  at  reduced  temperatures.  In  this  case, 
frost  accumulates  on  the  fixture  and  the  sliding  surfaces  do 
not  slide  freely,  producing  some  spurious  load  recordings 
although  use  of  a  low  temperature  lubricant  reduces  the  problem 
substantially.  Misalignment  has  proven  to  be  a  problem, 
however.  Although  the  specimens  were  designed  to  eliminate 
buckling  instability,  it  has  been  found  that  buckling  sometimes 
occurred  anyway  at  stresses  between  75%  and  100%  of  ultimate. 
This  behavior  was  indicated  by  strain  reversals  on  the  load- 
strain  curve  and  by  nonsymmetrical  deformations  present  in 
failed  specimens.  The  misalignment  is  induced  by  the  nonuniform 
seating  of  the  fixture  cone  in  the  conical  socket.  This  non- 
uniform  seating,  in  turn,  results  from  the  distortion  imposed 
upon  the  split  cons  by  the  thickness  of  the  specimen.  The 
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principal  advantage  of  the  IITRI  flat-wedge  fixture  over  that 
called  for  in  D3410  is  the  elimination  of  the  wedge-socket 
seating  and  alignment  problem. 

We  have  found,  however,  that  increasing  the 
specimen  thickness  does  reduce  the  amount  of  buckling  which 
occurs  with  the  conical  wedge  fixture  of  B341G.  Apparently , 
the  increased  column  stability  obtained,  with  greater  thickness 
more  than  offsets  alignment  problems,  due  to  the  increased 
distortion  of  the  split  cone  produced  by  the  specimen  thickness. 
An  increase  in  specimen  thickness  from  0.080  inch  C2.&-  mm)  to 
0,110  inch  (2.8  mm)  resulted  in  a  reduction  of  the  incidence 
of  specimen  buckling  from  60%  to  only  15%  of  the  total  number 
of  specimens  tested,  and  the  bulk  of  these  remaining  case®  of 
buckling  occurred  at  -67°F  (-55°C} ,  where  frictional  problems 
with  the  sliding  surfaces  are  greatest.  Consequently,  it  is 
believed  that  the  use  of  sufficiently  thick  specimens ,  with  a 
lubricated  surface  at  temperatures  below  freezing,  make®  this 
test  method  quite  satisfactory  for  specimens  made  with  uni¬ 
directional  tape  prepreg.  Another  advantage  to  using  this 
test  method  is  that  the  data  will  be  directly  comparable  to 
results  obtained  by  other  investigators  and  on  other  materials 
since  the  technique  is  widely  used  in  the  aerospace  industry. 

3.5.3  Flexure 

Most  of  the  flexural  testing  in  this  program  was 
conducted  using  the  four-point  loading  method  described  in  the 
January  1971  issue  of  the  Advanced  Composite  Design  Guide. 

Ir.  this  volume,  a  three-point  technique  is  recommended  for  0° 
fiber  orientations  and  a  four-point  technique  for  90°  fiber 
orientations.  It  has  been  observed,  however,  that  with  a 
three-point  loading  scheme,  one  frequently  encounters  undesirable 
failure  modes  under  the  loading  nose  and  subsequent  anomalous 
strength  values  on  high  modulus  composite  materials  with  a 
0®  fiber  orientation.  For  this  reason,  the  four -point  method 
was  used,  with  a  few  exceptions,  for  both  fiber  orientations 
in  this  program.  The  reason  for  the  exceptions  is  that  shear 
failures  were  obtained  on  some  of  the  materials,  particularly 
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at  elevated  te*£>eratures,  when  the  four-point  Method  was  used. 

The  ratio  of  shear  stress  to  flexural  stress  is  greatly  reduced 
in  three-point  loading  versus  four-point  loading,  thereby 
reducing  the  likelihood  of  shear  failure  before  flexural  failure. 

vfo*  four-point  loading  Method  described  in  the 
Design  Guide  is  essentially  identical  to  the  AOT  flexure  test 
IWS9Q)  except  for  the  testing  speed  and  the  locations  of  the 
load  application  points  in  four-point  loading.  'She  Design  Guide 
recommends  a  blanket  testing  speed  of  0.05  inch/mn.  11.3  aran/nin.) 
while  D730  recommends  a  speed  which  is  dependent  upon  specimen 
thickness  and  span-to- thickness  (L/d)  ratio.  For  the  thicknesses 
used  in  this  program  and  a  32:1  L/d  ratio,  D790  calls  for  a 
testing  speed  of  0.11  inch/minute  (2.8  xnm/minute)  for  three- 
point  loading  and  0.13  inch/minute  (3.3  mm/minute)  for  four- 
point  loading,  although  a  maximum  variation  of  up  to  +50%  above 
or  below  these  speeds  is  permitted.  The  spacing  of  the  upper 
loading  noses  the  Design  Guide  method  is  equal  to  one-half  the 
span  between  the  lower  supports,  while  in  D790  the  spacing  of 
the  upper  loading  noses  is  equal  to  one-third  of  the  span.  The 
major  difference  is  that  the  ratio  of  shear  stress  to  flexural 
stress  is  33%  greater  in  the  Design  Guide  arrangement  than  in 
the  D790  arrangement. 

While  a  wide  range  of  specimen  thickness  is 
permissible  according  to  D79Q,  recent  studies  at  Rockwell 
on  graphite/polyimide  laminates  indicated  that  at  both  room 
temperature  and  60G°F  (316°C)  flexural  strength  decreased  with 
specimen  thickness  in  the  0.06-0.10  inch  (1.5-2. 5  mm)  thickness 
range.  Our  specimens  were  0.070-0.076  inch  thick  on  all  of 
the  materials  we  tested  except  for  the  SiC/5506,  in  which  case 
the  specimens  were  0.100  inch  thick.  All  of  the  tests  were 
conducted  at  a  crosshead  speed  of  0.05  inch  (1.3  no) /minute 
and  at  a  L/D  ratio  of  32:1. 

3.5.4  Inplane  Shear 

The  inplane  shear  data  were  computed  from  longi¬ 
tudinal  and  transverse  load-strain  measurements  on  a  uniaxial 
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tensile  test  on  a  +45®  cross  plied  laminate.  This  method  is  in 
accordance  with  ASTM  D351S . 

The  inplane  shear  stress-strain  curve  is  obtained 
by  a  noint-by-point  conversion  of  the  tensile  load  and  strain 
data.  This  converts  tensile  stress-strain  (cr-e)  information,  to 
shear  stress-strain  (x-y)  data.  The  shear  modulus  <G>  can 
then,  be  obtained  from  the  initial  slope  of  the  x-y  curve. 

The  shear  modulus  can  also  be  computed  directly  from  the 
tensile  elastic  modulus  (E)  and  Poisson’s  ratio  (v)  of  the 
+45®  specimen  using  the  basic  relationship, 

G  =  2Tl+vT  * 


3.5.5  Interlaminar  Shear 

Interlaminar  shear  is  another  property  for  which 
no  simple  or  problem- free  test  exists.  The  most  widely  used 
test  is  the  short  beam  shear  test  described  in  ASTM  D2344. 

Another  test  is  the  opposed  double  notch  specimen  with  side 
supports  and  a  third  test  utilizes  torsional  loading  of  a  rod 
but  requires  special  fixturing.  Each  of  these  tests  is  subject 
to  certain  ob jections .  The  notched  specimen  is  known  to  have 
nigh  stress  concentrations  at  the  notch  edges.  'Hie  torsional 
specimen  is  not  felt  to  have  a  straight  line  stress  distribution 
at  the  higher  stresses  even  though  this  assunption  is  made  in 
computing  the  failure  strength.  The  short  beam  specimen  pro¬ 
duces  high  strength  values  because  of  its  short  span  and  the 
compressive  stresses  introduced  by  the  loading  nose  and 
supporting  points.  The  stress  concentrations  and  complex  stress 
states  present  in  the  short  beam  specimen  are  aggravated  by  the 
use  of  a  thinner  specimen  than  that  illustrated  in  D2344,  a 
practice  common  to  nearly  everyone  who  conducts  this  test. 

Whitney has  found  that  short  beam  shear  specimens  tested  at 

a  4:1  span- to- thickness  ratio  produce  higher  strengths  in 

0.125  inch  (3.2  mm)  thick  specimens  than  in  the  0.250  inch  (6.4  mm) 
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thickness  re comae nded  by  02344.  He  further  feels  that  common 
failure  modes  for  specimens  of  this  type,  particularly  in  thinner 
sections,  is  not  normally  in  inter  laminar  shear  at  the  midp  lane, 
hut  rather  near  the  top  of  the  specimen  and  due  to  a  complex 
interacting  stress  state.  An  alternative  test  method  for  inter¬ 
laminar  shear,  which  has  produced  dear  aid-plane  shear  failures 
at  stress  levels  near  those  achieved  with  a  0.230  inch  (€.4  am) 
£2344  specimen,  has  been  investigated  by  Whitney.  It  consists 
of  a  fesssr-point  bending  test  with  a  16  il  span- to- thickness 
ratio  for  graphite  composites.  The  upper  leading  noses  are 
spaced  half  as  far  apart  as  the  two  lower  supports.  It  is  felt 
that  the  raid-plane  stress  state  is  simpler  and  more  nearly 
pure  shear  on  this  type  specimen  than  on  the  short  beam 
specimen  and  that  so  long  as  the  ultimate  failure  mode  is  indeed 
a  mid-plane  shear  failure,  one  generates  realistic  shear  strength 
values.  The  only  problem  which  has  been  encountered  with  this 
test  is  that  ductile  matrices  (i.e.,  polysulfone)  produce  tensile 
failures  on  the  lower  surface  before  shear  failure  occurs  at 
the  mid-plane. 

In  spite  of  the  admitted  shortcomings  with  the 
short  beam  shear  test  using  specimens  thinner  than  0.250  inch 
(6.4  mm) ,  it  was  decided  in  this  program  to  use  a  thin  short 
beam  shear  specimen  for  interlaminar  shear  because  it  would 
better  enable  the  generated  data  to  be  compared  to  other 
composite  material  data. 

3.5.6  Tensile  Fatigue 


Fatigue  tests  were  conducted  on  the  fiber  orien¬ 
tations  indicated  in  Table  4.  Where  30  specimens  are  indicated, 

15  tests  were  conducted  at  room  temperature  and  15  at  elevated 
temperature.  Where  only  15  specimens  are  indicated,  all  were 
conducted  at  room  temperature .  Each  group  of  15  was  subdivided 
into  three  groups  of  five,  each  of  which  was  tested  at  a  different 
maximum  stress  level .  Five  replications  were  run  for  most 
conditions.  In  some  cases,  however,  the  15  specimens  were 
distributed  differently  due  to  an  effort  to  avoid  lifetimes 
that  were  either  too  short  (<5,000  cycles)  or  too  long  (>2x10® 


cycles).  In  these  cases,  data  were  obtained  at  more  than  three 
stress  levels  and  less  than  five  specimens  were  tested  at  some 
of  the  stress  levels.  The  same  type  of  specimen  was  used  for 
fatigue  as  was  used  for  tensile  tests.  All  of  the  tests  were 
constant  load  amplitude  at  a  frequency  of  10  Hz  with  the  minimum 
stress  equal  to  one-tenth  the  maximum  stress.  The  specimens 
were  cycled  to  a  maximum  of  10^  cycles,  at  which  time,  if  no 
failure  had  occurred,  they  were  removed  and  tested  for  residual 
tensile  properties.  All  residual  property  tests  were  conducted 
at  72°F,  regardless  of  the  temperature  at  which  the  specimens 
were  fatigue  loaded. 

' " — The  fatigue  lifetimes  (number  of  cycles)  reported 
in  Tables  17,  31,  44,  58,  71,  and  86  represent  log-mean  values 
of  the  individual  specimen  values  for  each  stress  level. 

Similarly,  the  straight  lines  plotted  through  the  individual 
data  points  in  Figures  20,  21,  22,  38,  39,  40,  55,  56,  57,  71, 

72,  73,  87,  88,  89,  104,  and  105  represent  a  least  squares  fit 
of  the  maximum  cyclic  stress  versus  log  (cycles  to  failure) , 
with  maximum  cyclic  stress  considered  the  independent  variable 
(x)  and  log  (cycles  to  failure)  considered  the  dependent 
variable  (y)  in  the  least  squares  linear  equation  y  =  a  +  bx. 

The  fatigue  tests  were  carried  out  on  MTS,  closed- 
loop,  electrohydraulic,  servo- actuated  testing  machines.  Specimen 
gripping  was  by  means  of  wedge-type  Instron  grips.  The  grips 
are  locked  into  place  on  the  loading  ram  and  load  cell  to  insure 
constant  alignment.  Axial  and  concentric  alignment  of  the  ram 
and  load  cell  was  verified  with  a  dial  gage  to  within  0.001  inch 
and  grip  alignment  was  insured  by  the  use  of  a  specially  machined 
straight  aluminum  bar  in  place  of  a  specimen.  Spacers  were 
utilized  to  center  the  one-half-inch  wide  0°  specimens  in  the 
one-inch  wide  jaws  and  periodically,  a  specially  strained  gaged 
specimen  was  placed  in  the  grips  and  the  strains  on  opposite 
sides  and  edges  monitored  during  loading  to  insure  that  eccentric 
loading  was  held  below  1  percent. 
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Both  room  and  elevated  temperature  tests  were 
conducted  in  Instron  circulating  air  environmental  test  cabinets . 
Temperature  control  in  elevated  temperature  tests  was  maintained 
with  Instron  oven  proportional  temperature  controllers  with  chro- 
mel/alumei  thermocouples  positioned  directly  adjacent  to  the 
specimen  gage  section. 

An  additional  thermocouple  was  taped  against  the 
specimen  surface  in  the  center  of  the  gage  section  to  monitor 
specimen  temperature.  This  was  done  because  fatigue  loading 
cf  specimens  with  off-axis  ply  orientations  results  in  the 
generation  of  internal  heat  due  to  large  repetitive  deformations. 
Specimen  surface  temperatures  as  much  as  25-3G°F  (14-17°C) 
greater  than  surrounding  air  temperature  have  been  observed 
on  +45°  layups  on  the  materials  tested  in  this  program.  On 
the  multidirectional  layups  (0/+45/90) ,  specimen  surface  tem¬ 
peratures  a s  much  as  60°F  (33°C)  above  surrounding  air  temperature 
have  been  measured, 

3.5.7  Tensile  Creep 

Creep  tests  were  conducted  on  the  fiber  orientations 
indicated  in  Table  4.  Where  18  specimens  are  indicated,  nine 
tests  were  conducted  at  each  of  two  elevated  test  temperatures. 
Where  27  specimens  are  indicated,  nine  tests  were  conducted 
at  each  of  three  test  temperatures  (room  temperature  and  two 
elevated  temperatures) .  In  each  of  these  cases  ^he  nine-specimen 
groups  were  further  subdivided  into  three  group”  of  three  specimens 
each  and  each  of  these  tested  at  a  different  st  ?ss  level.  Where 
only  six  specimens  were  indicated,  all  tests  were  conducted  at 
room  temperature.  Each  of  these  groups  of  six  were  subdivided 
into  two  groups  of  three  and  these  were  then  tested  at  two 
different  stress  levels. 

The  same  specimen  design  used  in  tensile  testing 
was  used  for  the  creep  tests .  Creep  strain  measurements  were 
recorded  using  one-inch  long  strain  gages  and  were  carried  out 
to  a  maximum  of  500  hours,  at  which  time,  if  a  specimen  had  not 


32 


fractured/  it  was  unloaded  and  creep  recovery  measurements  recorded 
for  a  period  of  three  hours.  Each  of  these  surviving  specimens 
was  then  tested  for  residual  tensile  properties  at  72®F.  It 
will  be  noted  that  the  creep  recovery  data  are  not  included 
in  the  tabulated  summaries  of  Section  4.  The  recovery  data  are 
presented/  however,  in  Appendix  J. 

The  creep  tests  were  carried  out  on  Arcweld  creep 
frames.  Each  frame  has  the  capacity,  through  a  20:1  counter¬ 
balanced  lever  arm,  of  putting  loads  of  up  to  12,000  lbs.  on 
the  test  specimen.  Each  frame  is  also  equipped  with  an  electric 
timer  and  automatic  shutoff  switch,  which  monitors  the  total 
creep  time  as  well  as  time  to  failure.  Each  frame  also  has  an 
electrically  driven  load  weight  elevator  and  self-aligning 
couplings . 

Specimen  gripping  was  by  means  of  serrated  face 
jaw  type  grips.  The  90°  and  +45*  orientations  were  held  in 

grips  where  the  serrated  grip  faces  were  tightened  against  the 
loading  tab  material  by  means  of  set  screws.  The  0°  and  (0/+45/ 

90)  orientations  were  held  in  wedge-type  jaw  grips. 

Elevated  temperature  creep  tests  were  conducted  in 
short  tube- furnaces  (Figure  3  ) . 


Figure  3  .  Short  Tube-Furnace  Used  in  Elevated  Temperature 
Creep  Tests. 
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With  these  short  furnaces  (four  inches  long  and 
one  and  one-half  inches  diameter  tube) ,  only  the  gage  section 
of  the  specimen  was  in  the  heated  zone .  Temperature  control 
on  these  tube  furnaces  was  maintained  with  a  thermistor  actuated, 
time-proportioning  controller  employing  a  zero  crossover  switching 
triac,  and  transient  fluctuations  were  less  than  +3°F  around  the 
setpoint.  The  temperature  controlling  thermistor  was  mounted 
on  the  side  of  the  one  inch  wide  test  specimens  and  the  specimen 
centered  in  the  uniform  temperature  region  of  the  furnaces. 
Additionally,  three  thermocouples  were  attached  to  the  specimen, 
one  next  to  the  thermistor  and  the  other  two  at  a  distance  of 
one-half  inch  on  either  side  of  the  thermistor  to  insure  that 
the  thermistor  was  at  the  optimum  location.  Figure  4  presents 
a  typical  temperature  profile  of  the  tube  furnaces  used  for  these 
tests.  It  can  be  seen  that  the  central  two-inch  portion  of  this 
type  tube  furnace  maintains  a  relatively  "flat"  temperature 
profile  which  is  within  +5°F  of  the  setpoint.  Specimens  were 
stabilized  at  the  test  temperature  for  at  least  two  hours  before 

the  load  was  applied. 

Strain  measurements  were  obtained  from  one-inch 
long  strain  gages  mounted  on  the  specimen  surfaces  and  wired 
into  a  Vishay  model  P-350A  digital  strain  indicator  through  a 
Vishay  model  SB-1  ten-channel  switch  and  balance  unit.  Compen¬ 
sation  for  thermal  expansion  during  elevated  temperature  tests 
was  achieved  by  utilizing  a  compensating  gage  on  a  short  section 
of  unstressed  specimen  material  taped  to  the  gage  section  of 
the  actual  test  specimen.  The  output  from  this  compensating 
gage  was  fed  into  an  adjacent  leg  of  a  half-bridge  circuit. 

Many  of  the  creep  specimens  were  tested  in  a  series 
loading  arrangement  of  up  to  three  specimens  in  order  to  increase 
the  rate  of  data  acquisition.  Figure  5  illustrates  such  an 
arrangement.  In  cases  where  one  of  the  specimens  in  a  series 
broke  prior  to  the  500-hour  termination  point,  the  remaining 
specimens  were  replaced  and  new  tests  conducted. 
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DISTANCE  ABOVE  U)/BELOW(-)  CENTER  OF  FOUR 
INCH  TUBE  FURNACE  (INCHES) 

Figure  4 .  Typical  Temperature  Profile  of  Four-Inch  Tube  Furnaces 


Figure  5.  Stacking  Arrangement  for  Testing  Three  Creep 
Specimens  Simultaneously. 

It  will  be  noted  in  the  tables  in  the  text,  as 
well  as  in  Appendix  J,  that  many  creep  specimens  failed  on 
loading  even  though  the  applied  stress  was  less  than  the  strength 
obtained  in  the  static  test  at  the  same  temperature.  The  only 
factor  to  which  this  can  be  attributed  is  that  the  creep  load 
was  applied  at  a  considerably  more  rapid  (though  not  instanta¬ 
neous)  rate  than  the  load  applied  during  the  static  test.  The 
reason  for  this  is  that  the  load  pans  on  the  creep  frames  are 
raised  and  lowered  by  a  motor  driven  elevator,  which  operates 
much  more  rapidly  than  the  0.05  inch  (1.3  mm) /minute  rate 
utilized  during  static  testing. 

3.5.8  Tensile  Stress  Rupture 

Stress  rupture  data  were  obtained  from  the  same 
specimens  used  for  the  creep  tests,  the  only  difference  being 
that  tine- to- failure  rather  them  strain  as  a  function  of  time 
was  the  measured  variable  of  interest. 


36 


Specific  heat  was  measured  with  a  Perk in-Elmer 
DSC-2  differential  scanning  calorimeter.  This  technique 
compares  the  rate  of  heat  input  required  to  maintain  a  constant 
rate  of  temperature  rise  in  an  unknown  sample  to  that  required 
to  maintain  the  same  rate  of  temperature  rise  in  a  known 
reference  material. 

The  tests  conducted  in  this  program  utilized 
sapphire  as  a  reference  material  for  tests  at  room  temperature 
and  above  and  benzoic  acid  for  subambient  tests .  Samples  con¬ 
sisted  of  a  single  ply  of  cured  prepreg  material.  A  small 
(10  mg  maximum)  circular  piece  was  cut  from  the  single  ply  of 
material.  The  test  was  conducted  by  equilibrating  both  sample 
and  reference  material  at  a  temperature  about  256C  (45°F)  below 
the  temperature  at  which  a  specific  heat  value  is  desired.  Both 
are  then  heated  at  a  rate  of  10°C  (18°F)/min.  to  a  temperature 
about  25 °C  (45°F)  above  the  measurement  temperature  and  re¬ 
equilibrated  at  this  new  temperature. 

Relative  heat  capacity  values  were  measured  on  the 
ordinate  scale  of  a  strip  chart  recorder  for  both  the  sample 
and  reference  material.  Specific  heat  of  the  sample  is 
computed  from: 


where: 

Cp,s  =  specific  heat  of  the  sample 
Cp,r  =  specific  heat  of  the  reference 

Ws  =  weight  of  sample 
Wr  -  weight  of  reference 

=  displacement  of  sample  curve  from  baseline 
Dr  =  displacement  of  reference  curve  from 
baseline 

The  displacement  of  the  respective  curves  from 
the  baseline  are  illustrated  in  Appendix  L,  which  also  illustrates 
the  treatment  of  a  sloping  baseline  and  a  sample  calculation. 
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3*5.10  Coefficient  of  Thermal  Expansion 

Thermal  expansion  was  measured  using  a  Perkin- 
Elmer  Model  TMS-2  Thermomechanical  Analyzer  (TMA) .  The  TMA 
instrument  has  been  specially  modified  to  isolate  it  from 
external  vibrations  and  has  been  fitted  with  a  special  chamber 
to  house  the  sensitive  electronic  components  in  an  isothermal 
environment.  With  these  modifications/  the  instrument  is 
capable  of  coefficient  of  thermal  expansion  (CTE)  measurements 
as  low  as  10“^/°C.  Without  these  modifications/  at  least  one 
order  of  magnitude  sensitivity  is  lost. 

The  instrument  basically  measures  the  change  in 
one  dimension  (i.e.,  length)  of  a  material,  as  a  function  of 
temperature.  For  low  CTE  materials  (less  than  lO-5/*^)  it  is 
important  for  the  test  sample  to  have  its  ends  carefully  machined 
to  a  flat  and  parallel  condition.  A  free-floating  probe, 
attached  to  a  linear  variable  differential  transformer  (LVT>T)  , 
rests  on  the  test  sample,  contained  within  a  stationary  sample 
tube.  A  furnace  can  be  raised  ox  lowered  around  the  sample  tube. 
A  thermocouple  is  located  as  close  as  possible  to  the  sample 
for  temperature  measurement  independent  of  the  furnace  control. 

The  test  is  time-consuming  since  the  sample  and 
system  must  be  brought  to  thermal  equilibrium  before  the 
measurement  is  made.  This  requires  from  one  to  seven  hours, 
depending  on  the  temperature  level  and  sensitivity  level  at 
which  the  test  must  be  conducted.  For  materials  with  low  CTE 
values,  the  system  must  be  calibrated  by  conducting  a  run  without 
a  sample.  The  change  in  probe  position  must  be  subtracted  from 
that  measured  with  the  sample  in  place  in  order  to  obtain  an 
accurate  value  for  the  sample  alone.  This  is  necessary  because 
of  sensitivity  of  mechanical  linkages  in  the  system  to  tem¬ 
perature  changes.  As  CTE  increases  this  component  becomes 
negligible . 

The  CTE  values  reported  in  Section  4  for  the 
various  materials  were  obtained  by  equilibrating  the  sample 
at  a  temperature  40 °C  below  the  temperature  at  which  a  value 
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was  desired,  and  heating  it  to  an  equilibrium  condition  at 
a  temperature  40 °C  above  the  desired  temperature.  The  difference 
in  recorded  probe  position  for  the  two  equilibrium  positions 
is  converted  to  a  change  in  sample  length  (AL)  and  for  the 
80°C  temperature  change  (AT) ,  a  CTE  value  is  computed  from 
the  standard  equation: 


A L 

L0AT 


where: 


change  in  sample  length 
original  sample  length 
change  in  temperature . 


3.5.11  Thermal  Conductivity 


Thermal  conductivity  was  measured  in  the  direction 
normal  to  the  laminate  surface  for  both  unidirectional  and  +45° 
fiber  orientations.  A  comparative  technique  was  employed  in 
which  the  sample  is  sandwiched  between  two  identical  reference 
materials  of  known  conductivity.  These,  in  turn,  are  held 
firmly  between  a  heater  and  a  heat  sink.  The  heat  flux  through 
this  stack  establishes  a  temperature  gradient  which  is  measured 
with  thermocouples  placed  on  the  upper  and  lower  surfaces  of  both 
reference  plates  and  the  specimen  plate  in  small  precisely 
machined  grooves.  Radial  heat  flow  to  and  from  the  test  stack 
is  minimized  with  a  cylindrical  guard  heater  in  which  a  linear 
temperature  gradient,  closely  matching  that  of  the  test  stack, 
is  maintained.  A  Dynatech  Model  TCFCM-N20  thermal  conductivity 
instrument  was  used  for  these  measurements.  Data  points  were 
taken  at  approximately  equal  temperature  intervals  over  the 
range  of  interest  and  a  "best-fit"  curve  (or  straight-line) 
plotted  through  these  data  points .  The  reported  values  in 
Section  4  were  taken  from  these  plotted  curves  at  the  specific 
temperatures.  The  maximum  scatter  of  the  individual  data  points 
on  either  side  of  the  plotted  curves  was  about  +15%  of  the 
reported  values . 
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3.5.12  Glass  Transition  Temperature 

Glass  transition  teaperatures  ( Tg)  were  measured 
with  a  DuPont  Model  981  Dynastic  Mechanical  Analyzer  {DMA)  . 


A  schematic  diagram  of  the  DMA  system  is  shown 
in  Figure  6 .  The  mechanical  portion  of  the  system  consists 
of  two  parallel  balanced  sample  support  arms  made  of  stainless 
steel,  and  free  to  oscillate  around  flexure  pivots.  The  arm- 
pivot  system  is  constructed  in  such  a  way  to  give  it  a  very 
low  natural  free  oscillating  frequency  {less  than  3  Hz) . 

The  sample,  in  the  form  of  a  rectangle,  is  clamped 
between  the  arms  as  shown  to  form  a  compound  resonance  system, 
the  resonant  frequency  of  which  is  dependent  almost  entirely 
(because  of  the  low  natural  resonant  frequency  of  the  arm-pivot 
system)  on  the  configuration  and  modulus  of  the  sample .  In 
oscillation,  the  sample  is  deformed  as  illustrated  by  the 
geometry  in  Figure  7.  In  the  equilibrium  position,  before 
oscillation,  the  sample,  the  centerlines  of  the  two  arms,  and 
an  imaginary  line  connecting  the  centers  of  the  two  flexure 
pivots  form  a  rectangle  represented  by  the  broken  lines. 

If  the  compound  resonance  system  is  deflected 
away  from  the  equilibrium  position  to  a  new  position  {represented 
by  the  solid  lines  in  Figure  7) •  the  two  ends  of  the  sample 
remain  parallel  to  each  other  and  perpendicular  to  the  arms. 

The  center  of  gravity  of  the  sample  and  of  the  arms,  however, 
translate  to  new  positions.  During  each  cycle  the  sample  is 
subjected  to  an  alternating  flexural  deformation.  The  solution 
for  the  dynamic  equation  of  motion  for  the  system  gives  the 
relationship  between  Young's  modulus  and  frequency: 


(4tr2f2j-K) 

2W  +  d]  2 


where 


E  =  Young's  modulus  (Pa), 
f  =  DMA  frequency  (Hz) , 

J  =  Moment  of  inertia  of  arm  (kg*ro2) , 
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GEOMETRY 


Figure  6  . 


Test  Geometry  for  DuPont  $81  Dynamic  Mechanical 
Analy z  er  (DMA  i. . 


SAMPLE  DEFORMATION 


K  -  Spring  constant  of  pivot  (N*m/rad) , 

D  =  Clar^ping  distance  (m)  , 

W  =  Sample  width  (m)  , 

T  =  Sample  thickness  (m) ,  and 
L  =  San^le  length  (m)  . 

Sample  loss  factor,  n,  is  calculated  from 

CV  , 

n  ~  — —  t  where 

f2 

V  =  DMA  Dashing  Signal  (mV) , 
f  *  DMA  Resonant  Frequency  (Hz) ,  and 
C  =  System  Constant  (M),25  Hz2/mV) . 

To  make  a  measurement,  a  sample  of  known  dimen¬ 
sions  is  clamped  between  the  two  sample  arms.  The  sample-arm- 
pivot  system  is  oscillated  at  its  resonant  frequency  by  an 
electromechanical  transducer.  The  frequency  and  amplitude 
of  this  oscillation  are  detected  by  an  LVDT  positioned  at  the 
opposite  end  of  the  active  arm.  The  LVDT  provides  a  signal  to 
an  electromechanical  transducer,  which  in  turn  keeps  the  sanqgLe 
oscillating  at  constant  amplitude.  Sample  resonant  frequency 
(measured  to  0.01  Hz)  and  damping  (measured  to  0.1  dB)  signals 
are  supplied  to  the  temperature  programmer/recorder  where  they 
are  graphically  recorded  as  a  function  of  the  measured  sample 
temperature  or  time.  Young's  modulus  for  the  sample  can  be 
obtained  from  resonant  frequency  by  using  the  relationship 
in  the  Equation  and  loss  factor  can  be  obtained  from  the  Equation. 

In  this  program,  Tg  values  were  defined  as  that 
temperature  at  which  the  loss  modulus  is  maximum.  Loss  modulus, 
in  turn,  is  defined  as 

E 

E '  =  —  ,  where 
0 

E'  =  loss  modulus, 

E  =  Young's  modulus  (from  the  first  equation),  and 
n  =  loss  factor  (from  the  second  equation) . 
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Specimens  were  run  both  "dry"  and  "wet" ,  the 
"wet*  condition  implying  that  the  sample  was  humidity  aged 
at  160°F  and  100%  R.H.  to  an  equilibrium  weight  gain  prior 
to  the  determination.  Unfortunately ,  there  was  no  way  to 
prevent  the  "wet*  specimen  from  drying  somewhat  during  the 
test.  Hence,  the  specimen  was  no  doubt  at  some  moisture 
content  less  than  saturation  when  the  indicated  Tg  was 
observed.  Nonetheless,  the  “wet"  values  were  lower  than 
the  "dry”  values  in  five  of  the  six  cases,  indicating  a 
definite  softening  due  to  whatever  moisture  level  still 
remained  in  the  sanple.  In  the  one  exception,  the  T30G/V378A 
system,  the  composite  gained  weight  during  moisture  aging  very 
rapidly  compared  to  the  epoxy  systems,  although  the  total 
weight  gain  was  only  slightly  higher.  It  would  not  be  un¬ 
reasonable  to  assume  that,  when  heated,  this  material  would 
lose  absorbed  moisture  much  more  rapidly  than  the  epoxy  systems 
also.  This,  coupled  with  the  fact  that  the  Tg  value  for  the 
V378A  resin  is  substantially  higher  than  those  measured  for 
epoxies  (by  200-300°F)  would  make  it  reasonable  to  speculate 
that  the  so-called  "wet"  V378A  sample  has  completely  dried 
out  by  the  time  its  Tg  is  reached,  thereby  resulting  in 
identical  Tg  values  being  determined  for  both  the  "dry"  and 
"wet"  samples. 
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SECTION  4 

SUMMARIZED  COMPOSITE  DATA 


This  section  presents  tabulated  summaries  of  all  the  data 
generated  for  each  composite  system  evaluated  during  the  pro¬ 
gram.  Also  presented  are  the  averaged  stress-strain,  creep, 
and  fatigue  S-N  curves  for  each  of  the  systems. 

In  addition  to  the  summarized  data  and  averaged  mechanical 
property  curves,  pertinent  observations  made  during  the  charac¬ 
terization  of  each  material  are  discussed. 

4.1  T300/AFR800 

The  matrix  resin  in  this  system  was  developed  under  USAF 
contract  fay  the  Aerotherm  Division  of  Accurex  Corporation. C12,13J 
The  objective  was  "to  achieve  state-of-the-art  performance 
(350°F  [177°C] )  from  graphite  fiber  reinforced  composites  coupled 
with  prolonged  prepreg  flow  life  under  ambient  shop  conditions." 
This  was  basically  achieved  by  utilizing  aromatic  diamine  curing 
agents  with  "attenuated  reactivity  and  limited  solubility  in 
the  resins." 

The  resin  was  prepared  according  to  the  Aerotherm  recipe 
by  Hexcel  (Dublin,  California)  and  was  also  prepregged  by 
Hexcel. 

Tables  7  through  18  present  the  data  generated  for 
this  graphite-epoxy  composite  system.  Figures  8  through  22 
illustrate  the  stress-strain,  fatigue,  and  creep  behavior 
of  this  material  as  well  as  the  effects  of  humidity  aging 
upon  selected  composite  properties . 
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TABLE  7 

PROCESSING  CONDITIONS  FOR  T300/AFR800  COMPOSITE  LAMINATES 


Composite  Processing  Information 

1 

Material  System  -  T300/AFR800 

Fiber  -  T3Q0/  Matrix  -  AFR8001 

Maximum  Rated  Temperature  -  350°F  Prep 

Graphite/Epoxy 

reg  by  -  Hexcel 

Laminate  Processing  Schedule 

Layup  Procedure:  The  prepreg  was  stored  in  a  closed  wrapper  at 
room  temperature.  Prepreg  was  removed  from  wrapper  and  plies 
cut  to  desired  size  using  a  razor  knife.  Plies  were  stacked 
in  the  desired  sequence  (release  paper  removed  from  each  ply) . 
The  stack  was  placed  in  the  autoclave  according  to  the  layup 
system  illustrated  in  Figure  8 .  The  corprene  edge  dam  serves 
to  restrict  fiber  flow. 

Cure  Schedule:  Apply  full  vacuum  and  hold  for  one  hour  at 
room  temperature.  Heat  to  275°F  in  60  +  5  minutes  under  at 
least  10  inches  Hg  vacuum.  Hold  at  275*F  for  50  minutes  less 
than  the  gel  time.2  Apply  75  psi  and  vent  vacuum  at  the  end 
of  this  hold  time.  Heat  to  325°F  in  30  +  5  minutes.  Hold 
at  325 °F  for  four  hours.  Cool  under  pressure  to  120°F. 

Postcure  Schedule:  The  panels  were  placed,  unrestrained,  in 
an  oven  at  room  temperature..  The  oven  was  brought  t«->  37  5°F 
at  rate  of  about  5°F/rain.  After  a  four-hour  hold  at  375°F, 
the  oven  was  turned  off.  When  the  oven  was  cooled  to  near 
room  temperature,  the  panels  were  removed. 


1  Resin  development  and  composition  is  described  in  AFML-TR- 
77-158 . 

2  This  cure  schedule  is  given  in  AFML-TR-77-158 ,  where  it  is 
stated  that  the  key  processing  parameter  is  the  point  of 
pressure  application  at  the  275®F  hold  temperature.  This, 
in  turn,  depends  upon  the  gel  time.  We  have  found  that  gel 
time  has  depended  upon  the  method  used  for  the  measurement. 
The  Hercules  method  (HD-SG-2-6006C ,  para.  5.5),  in  which  a 
prepreg  sample  is  rolled  up  in  aluminum  foil,  gave  a  gel 
time  of  140  minutes.  The  Fiberite  method  (Fisher-Johns 
melting  point  apparatus)  gave  a  gel  time  of  87  minutes. 
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TABLE  8 

PREPREG  AND  COMPOSITE  PHYSICAL  PROPERTIES 


Composite  Physical  Property  Information 


Material  System  - 

T3OO/AFR-BO0 

Graphite/Epoxy 

Fiber  -  T300 

Matrix  -  AFR-800 

Maximum  Rated  Temperature  -  350  °F  Prepreg  by  -  Hexcel 


Prepreg  Physical  Properties 


{Property) 


(Stnd.Dev.)  (Range)  (Test  Method)  (Ref.) 


Volatile  Content-  0.11% 
Resin  Content-  40-1% 

Resin  Flow-  15.51%2 

No.  of  Rolls  Involved-  1 
No.  of  Batches  Involved-  1 


0.07-0.18  HD-SG-2 -6006C (5.1.2) 
39.1-41.5  HD-SG-2 -6006C (5.2) 
15.49-15.53  HD-SG-2-60Q6C (5 . 3 . 2B) 


Hercules  test  methods 


Laminate  Physical  Properties-^ 

No.  of  Panels-  36 

(Stnd.Dev.)  (Range) 

(Test  Method) 

(Ref . ) 

Fiber  Content-  69.1%  by  vol. 

3.7 

61.1-77.0  I 

,  Acid  Digestion 

Resin  Content-  26.6%  by  vt. 

2.8 

23.5-33.1/ 

f  AFML-TR-6 7-243 

Void  Content-  0-2%  by  vol. 

0.8 

0-4-4  J 

D2734 

ASTM 

Laminate  Sp.  Gr.-  1.60 

0.04 

1.54-1.71 

D792 

ASTM 

Fiber  Sp.  Gr.-  1.70 

As 

reported  by  manufacturer. 

Matrix  Sp.  Gr.-1.24 

As 

reported  by  manufacturer. 

Thickness  per  ply-0.0052  inch 

^The  properties  reported  here  represent  averages  for  all  panels  of  this 
material  used  throughout  the  program. 

2A£ter  30  days  storage  at  R.T.,  flow  was  remeasured  and  found  to  have 
increased  to  19.32%. 
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TABLE  9 

TENSILE  PROPERTIES  OF  T300/AFR800  COMPOSITE  LAMINATES 


-v;,. 


L_~~ 

Composite 

Haterial  Properties 

K.t*ri*l  Sytun  -  TJCO/WH  #00 

Pr  epteg  by  - 

Baxeel 

Graphite/Epoxy  f 

Fiber  -  TJOO  Bitri*  -  ATS  800 

_ 

Maximum  Rated  Temperature  -  35C*F(177*C) 

iMiMt*'  Sp. 

Ct.  -1.61 

Fes  in  Content  *•  25.0%  by  vt. 

nominal,  Ply  Thickness  -  0 

0051 

inch 

►Mo.  of  panels  from  which  specimens  ^ere  tested  1 

Void  Content  —  ^04  by  vol. 

in  Ufis  table  -10 

I  Thickness  o l  each  type 

specimens  0*  -  6  ply  ■  90*  -  IS  ply 

TCWS1CW!  fi#  J 

-6?#Fl~SS*C) 

72*F(22*C> 

J60*rU27*c) - 

3S0*r  U77*C) 

r*u  ifc.ijiw*) 

[18*. 7)  <128*) 

1179.6)  (1237! 

1193.93  U334) 

(173.5)  (1195) 

Stnc.Dev.  (k*i)  (kpa) 

[15.81  (10S) 

(17.0)  (117) 

(17.4)  (120) 

(21.0)  (145) 

8>n9.  IksiHKPi] 

[172.2-212.1) 

(169.6-205.6) 

1174.3-213.3) 

[159. 7-200. 9 J 

(1187-14*1) 

(1169-1417) 

(1201-1470) 

(1100-1384) 

Mo.  of  Specimens 

5 

5 

5 

6 

r^1  (*si)(KP*) 

im. 7)  (1284) 

1179.6)  (1237) 

1193.9)  (1336) 

1173.5)  (1195) 

St nd.Dev.  JltsiJ <KP») 

US. 8)  (109) 

(17.0)  (117) 

(17.4)  (120) 

(21.0)  (145) 

Mo.  of  specimens 

5 

5 

5 

5 

E*  tKsi) (HP.) 

(20.87}  (143,800) 

(18.493  (128,800) 

(20.40)  (140,400) 

(19.87)  (136,900) 

Scn8.Dev.lHsi)(MP») 

10.49)  <3380) 

(0.98)  (6750) 

(0.44)  (3030) 

(0.43)  (2940) 

Mo.  of  specimens 

5 

5 

5 

5 

to 

cx  luwtnl  tvov’cn) 

8520 

B700 

9040 

8380 

Stni.Dew. 

572 

448 

420 

870 

No.  of  Specimens 

5 

5 

5 

5 

t 

v*y 

0.319 

0.312 

0.30? 

0.355 

Stnd.  Dev. 

0.010 

0.034 

0.022 

0-037 

No,  of  Specimens 

5 

5 

5 

5 

Test  Method 

AST*  03039 

Reference 

|  Tension :  90*  | 

F*'1  IfcsiUMP*] 

[4.69)  (32.3) 

(4.58)  (31.4) 

(4.68)  (32.2) 

(5.42)  (37.3) 

Stnd.Dev. IHsiJ (MPa} 

[1.27)  (8. 75) 

11.01)  (6.96) 

10.50}  13.45) 

(0.67)  (4.62) 

Range 

l2.80-fc.313 

13.20-5.75] 

(4.33-5.56) 

[4.80—6.53) 

(19-3-43.5) 

(22.0-39.4) 

(29.9-38.3) 

03.1-45.0} 

Mo.  of  Specimens 

5 

5 

5 

5 

rjpl  ixiij  <w>«) 

12.89)  (19.9) 

(4.17)  (28.7) 

(3.79)  (26.1) 

(2-86)  (19.71 

Stnd.bev.  |Xsi)  (KPa> 

(1.84)  (12.7) 

10.65)  (4.48) 

11.21)  (8.33) 

11.17)  (9.06) 

Mo.  of  Specimens 

5 

5 

S 

5 

Ey  INS!)  (»•) 

(1.83)  (11.230) 

(1.48)  (10,200) 

(1.36)  (9370! 

11.19)  18200) 

Stnd.Oev, f.Msi) («>a) 

10.07)  (480) 

10.04)  (276) 

(0.04)  (280) 

[0.0??  (551) 

So.  of  Specimens 

5 

5 

j  5 

-  ■> 

t*“  IVil/in)  lyea/en) 

2870 

3110 

3510 

4910 

£ tnd.  Dee. 

7*0 

720 

330 

897 

Ro.  of  Specimens 

s 

3 

5 

5 

V 

0.0251 

0.02S1 

0.0201 

0.021* 

Test  Method 

XSTM  D10 

39 

Reference 

^ C nwapvi t c-<J  using  elastic  modulus  *n<3  longitudinal  FoUiofi's  ratio. 
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Figure  9 . 


Tensile  Stress-Strain  Curves  for  Unidirectional 
T300/AFR800  Composite  Laminates:  0°  Fiber 
Orientation . 


STRESStksi) 


psaeaBsaaftaaft 


<f 

t 


Figure  10.  Tensile  Stress-Strain  Curves  for  Unidir 
T300/AFR800  Composite  Laminates:  30°  F 
Orientation. 


TABLE  10 

TENSILE  PROPERTIES  OF  T300/AFR800  COMPOSITE  LAMINATES 


|  Composite  Material  Properties 

Material  System  -  T3O0/AFR  800 

Fiber  -  T300  Matrix  -  AFR  800 

Maximum  Rated  Temperature  -  350*F (177*C) 
Resin  Content  ~  30.5%  by  vt. 

Fiber  Content  -  59.6%  by  vol. 

Void  Content  -  *  0%  by  vol. 

Prepreg  by  -  Hexcel  ]  Graphite/Epoxy 

laminate  Sp.  Gr.  -  1.57 

Nominal  Ply  Thickness  -  0.0057  Inch 

No.  of  panels  from  which  specimens  were  tested 
in  this  table  -  5 

Thickness  of  specimen  -  8  ply 

TENSION:  +45* 

-6?*F( -55*0 

72*F (22*0 

260®F  (127*0 

350*F  (177*0 

f£u  [ksi]  (MPa) 

(26.4)  (162) 

(23.2)  (160) 

[16.8]  (116) 

(16.3)  (112) 

Stnd.Dev. £ksi)  (MPa) 

(1.00)  (6.9) 

{1.03}  (7.1) 

11.12]  (7.7) 

[0.86]  (5.9) 

Range  [ksi] (MPa) 

125.2-27.8} 

[21.5-24.1] 

[15.4-18.0] 

[15.3-17.1] 

(174-131) 

(148-166) 

(106-124) 

(105-1161 

No.  of  Specimens 

5 

5 

5 

5 

F^pl  [ksi) (MPa) 

(9.37)  (64.6) 

[4.69]  (32.3) 

(4.93)  (34.0) 

12.13]  (14.7) 

Stnd.Dev. [ksi] (MPa) 

[2.36]  (16.3) 

[1.14]  (7.8$) 

[0.36]  (2.48) 

[0.34]  (2.34) 

No.  of  Specimens 

5 

5 

5 

5 

E*  iMsi] (GP») 

[2.28]  (15.7) 

[2.35]  (16.2) 

(2.14]  (14.7) 

[1.62]  (11.2) 

Stnd.Dev.  [Msi] (GPa) 

[0.12]  (0.83) 

[0.16]  (1.10) 

(0.11)  (0.76) 

[0.12]  (0.83) 

No.  of  Specimens 

5 

5 

5 

5 

e^u  lyin/in) (pcm/cir.) 

512.0801 

17,630 

>21,5301 

>39, 450 1 

Stnd.  Dev. 

— 

1,630 

>  7,090 

— 

No.  of  Specimens 

S 

5 

5 

s> 

vfc 

0.69 

0.75 

0.78 

0.88 

xy 

Stnd.  Dev. 

0,04 

0.04 

C.01 

0.06 

No.  of  Specimens 

5 

5 

5 

5 

Test  Method 

ASTM 

D3039 

Reference 

1 


Some  strain  gages  lost  before  completion  of  test. 
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Tensile  Stress-Strain  Curve  for  Bidirectional  T300/AFR800  Composite 
Laminates:  +45°  Fiber  Orientation. 


TABLE  11 


COMPRESSIVE  PROPERTIES  OF  T3Q0/AFR800 
COMPOSITE  LAMINATES 


Cosmos ite 

Material  Properties 

Material  System  -  T300/AFR80C  Prepreg  by  - 

Fiber  -  T30Q  Matrix  -  AFR800  . 

Maximum  Rated  Temperature  -  350*F<177*C)  Laminate  bp. 

Resin  Content  -  24.7*  by  wt.  “V 

Fiber  Content  -  71.1*  by  vol.  ffe‘ 

Void  Content  -  i  0%  by  vol.  ^  ^ 

Thickness  of  each  type  specimen:  0*  -  20  ply  ;  90*  -  20  p 

Hexcel  j  Graphite/Epcxy 

Gr.  -  1.61 

hickness  -  0.0050  inch 
from  which  specimens  were  tested 
e  -2 

Ly 

COMPRESSION ;  0 • 

-67*F(-55*C) 

72*F(22*C) 

260*F (127*C) 

3S0*F(  177*0 

«cu 

< 

[ksi]  (MPa) 

[205.6!  (1417) 

U74.S1  (1203) 

[188.2!  (1297) 

[164.2]  (1131) 

Stnd.Dev.  [ksiHMPa) 

[17.0]  (117) 

[23.0J  (158) 

[29.41  (203) 

[27.2]  (187) 

Range 

[ksi! (MPa) 

[186.4-224.8! 

[14S.6-192.9] 

[149.5-220.5] 

[130.4-206.3] 

(1284-1549) 

(1003-1329) 

(1030-1519) 

[898-1421) 

No.  of  Specimens 

5 

S 

5 

5 

Fcpl 

X 

[ksi] (MPa) 

[66.1]  (455) 

(44.83  (309) 

[75.4)  (520) 

t71.3)  (491) 

Stud.  Dev.  [k*i]  (MPa) 

[15.0]  (103) 

(38.71  (267) 

[33.3]  (229) 

(53. QJ  (365) 

Mo.  of  Specimens 

5 

5 

5 

5 

Ec 

[Msi] (GPa) 

[19.15!  (132) 

[15.98]  (110) 

(18.38]  (127) 

[20.71]  (143) 

Stud. Dev.  [(fail  (GPa) 

[2.191  (15.1) 

(2.65)  (19.6) 

[3.24]  (22.3) 

[2.64]  (18.2) 

No,  of  Specimens 

5 

5 

* 

5 

5 

c5u  (pin/in]  (Vicm/cm) 

18.300 

14,700 

14,400 

8,300 

Stnd. 

Dev. 

5,600 

2,430 

2,000 

5 

1,400 

5 

Mo.  of  Specimens 

5 

5 

Test  Method 

ASTM  D34I0 

Reference 

COMPRESSION :  90*  j 

e 

(ksi] (MPa) 

(44.2!  (30S) 

139.7]  (274) 

[28.4]  (196) 

[27.7]  (191) 

Stnd. Dev. [ksi] (M?a) 

[13.8]  (95) 

[4.8]  (33) 

[1.5]  (10) 

[3.9)  (27) 

Range 

[23.9-55.8! 

[32.4-45.7) 

[26.7-29.9) 

[23.0-32.71 

(165-384) 

(223-315) 

[184-206) 

(158-225) 

Mo.  of  Specimens 

5 

5 

5 

5 

rcpl 

V 

[ksi] (MPa) 

[13. 7]  (95) 

[32.8]  (226) 

[IS. 9)  (130) 

[22.3]  (154) 

Stnd. Dev.  [ksi]  (MPa) 

[6.8J  (47) 

[15.71  (108) 

[12.41  (85) 

111. 01  (76) 

No.  of  Specimens 

5 

5 

5 

5 

< 

[Msi]  CP a  ) 

Cl. 701  (11.7) 

[2.50]  (17) 

11.50)  (10.3) 

[2.02]  (13.9) 

Stnd.Oev.  (HsilPPa) 

10.24!  (1.7) 

[0.27)  (1.9) 

[0.09)  (0.6) 

[0.S7]  (3.9) 

No.  of  Specimens 

5 

5 

5 

5 

c™  [pin/inl  (paVc®) 

31,500 

12, 700+ V 

25.800 

I  Stnd. 

Dev. 

6,600 

9,000 

4,400 

9,800 

No.  of  Specimens 

5 

5 

5 

5 

Test  Method 

ASTM  D3410 

Reference 

‘mtinn  •  train  nluu  ripraur.t  Miinrn  oiuexnd  ■train  rather  than  ultimata  valuma. 
•  ’two  of  five  iMciwa  exhibited  evidence  of  buckling. 
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TABUS  12 


FLEXURAL  PROPERTIES  OF  T300/AFR800 
COMPOSITE  LAMINATES 


Composite  Material  Properties 

Meteriel  System  -  T300/AFR  800  Prepreg  by  -  Hexeel  j 

Fiber  -  T30C  Matrix  -ATR-SOC  ,  .  _  ,  J 

Kaximnet  Rated  Te^erature  -  3SD-F (177*0  haaanate  Sp.  Gr.  -  l. 

Resin  cemtenc  -  iTst  by  wt.  “*?  My  Thrctaess 

Fiber  Content  -  75-5*  Z  vol.  ^  2 

send  Contest  -  40%  by  vol.  »  «*»  -  2 

Wttnm  of  eedi  type  specimen;  0*  -  16  ply  ;  90*  -  16  ply 

Crephite/Epcoty 

>9 

-  0.0049  inch 
ch  specimens  were  tested 

nxacoSE:  c* 


WBSJBBSXSWm 

t  rmf 

■  'nl  iH  Ml  1  — 

»TTi1IU1i~1 

F*“  (ksi)  (KP») 

Stnd.Dev.  (ksi)  (MPa) 
Range  [ksi)  (MPa) 

Ho.  of  Specimens 

(291.6) (2009) 

(8.2)  (56) 

(278.1-299.7) 

(1916-2065) 

5 

£280.1)  (1930) 

(4.4)  (30) 

(272.9-284.9) 

(1880-1963) 

5 

£218.2) (1503)* 

(10.9)  (75) 

£206.5-230.0} 

(1423-1585) 

5 

(186.8)  (1287)* 

(5-3)  (37) 

(181.3-192-5) 

(1249-1326) 

5 

E*  (Msi)  (CPa) 

Stnd.Dev. (Msi)(GPa) 

Ho.  of  Specimens 

(20.11)  (138.5) 

£1.17)  (8-06) 

5  J 

£20.70) (142.6) 

10.74)  (5.10) 

5 

£20.82} (143.4) 

(0.42)  (2.89) 

5 

119.94) (137.4) 

(0.21)  (1 .45) 

5 

Test  Method 
Reference 


4  pt.  flexure 
Design  Guide;  Jen. 


1971 


Corresponds  to  ASTM  D790  except  for 
1 ceding  points  end  loading  speed 


FLEXURE;  90* 


[hsij (MPa) 


Stnd.Dev.  (ksi) (MPa) 
Range  (ksi)  (MPa) 

»e>.  of  Specimens 

E*  (Msi) (GPa) 

Stnd.Dev. (MsiJ  <GPa' 
Ho.  of  Specimens 

Test  Method 
Reference 


(14.90)  (102.7) 

11.75)  {12.1) 
113.02-17.71) 
{69.7-122.0) 

5 

11.67)  {11.51) 

(0.06)  (0.41) 

4 


134.10}  (97.1) 

(0.36)  (2.485 
113.57-14.43) 
(93.5-99.4) 

5 


(1.27)  <8.75) 

(0.04)  (0.28) 
5 


(10.68)  (73-6) 

(0.44)  (3.03) 
[10.21-11.21) 
(70.3-77.2) 

5 


[1.17]  (10.53) 

(0.07)  (0.46) 

5 


(11.21)  (77.2) 

£1.31)  (9.03) 

(9.68-12.80) 

(66.7-88.2) 

5 


£1.13}  (7.795 

£0.08)  (0.55) 
5 


4  pt.  flexure  j 

Design  Guide;  Jen.  1971 


Corresponds  to  ASTM  D790  except  for 
loading  points  end  loediog  speed. 


TABLE  13 


SHEAR  PROPERTIES  OF  T300/AFR800 
COMPOSITE  LAMINATES 


Composite  Material  Properties  j 

.  „  _  _ s 

Material  System  -  AFR800/T30C 

Prepreg  toy  - 

Bexcel 

Graphite/Epoxy  j 

Fiber  -  T300  Matrix  -  AFSSOO 

..  . 

Maximum  Rated  Temoeratur*  -  350*F(177*C) 

Laminate  Sp. 

Gr.  -  1. 

S8 

Resin  Content  -  29.4%  by  wt- 

HosxiMi d  Ply  Thickness 

-  0-0054 

inch 

Fiber  Content  -  65.5%  by  vol- 

Ho.  of  panels  fro©  which  specimens  were  tested  J 

Void  Content  -  “0.4%  by  vol. 

xn  this  table  -  © 

j  Thickness  of  each  type 

specimen  -  Inplane 

-  8  ply  ;  Interlaminar  - 

15  ply 

j  INPLAUE  SHEAR 

~67°F(S5  *C) 

?2eF (22*0 

mimmuam i 

350’F( 177*0 

T™  [ksi)  {MPa) 

f 13.2 3  (91.0) 

111.6)  (79.9) 

J8.4)  (58.0) 

[8.13  (55.8) 

Stnd.Dev. fksi) (MPa) 

10.50)  (3.45) 

(0.52)  (3.58) 

10.55} 

(3.79) 

{0.43}  (2.95) 

Ranoe  fksi) <KPa) 

(12.6-13. 93 

[10.8-12.0] 

17.7-9.0) 

17.7-8.6) 

(87. 0-95. S) 

(74.4-82.7) 

(53.0-82.0) 

(52.5-59.0) 

No.  of  Specimens 

5 

5 

5 

5 

G*  fMsi) (MPa) 

JO. 68)  (4.66) 

10.68)  (4.69) 

[0.613 

(4.22) 

[0.43)  (2.94) 

Stnd.Dev. fMsi] (MPa) 

JO. 033  (0.18) 

IG.05]  (0.34) 

[0.03] 

(0.23) 

10.02}  (0.14) 

No.  of  Specimens 

5 

5 

5 

Test  Method 

ASTK 

D3518 

Reference 

INTERLAMINAR  SHEAR 

Fisu  fksi] (MPa) 

118.17)  (125.2) 

(15.27)  (105.2) 

111-77] 

(81.1) 

[9.633  (66.4) 

Stnd.Dev. fksi) (KPS) 

10.92)  (6.34) 

10.79}  (5.4) 

[0.693  (4.75) 

[0.33]  (2.27) 

Range  fksi)  (MPa) 

(17.27-19. 27) 

114.37-17.16] 

(11.02-12.81) 

[9.27-10.001 

(119.0-132.8) 

(99.0-118.2) 

(75.9-88.3) 

(63.9-68.9) 

no.  of  Specimens 

5 

10 

5 

5 

Test  Method 

ASTM  D2344 

Reference 

ear  Stress-Strain  Curves  for  T300/AFR80G  C 


TABLE  14 


TEHSXLE,  COMPRESSIVE  MR)  SHEAS  PROPERTIES  OF  T30G/AFR800 
COMPOSITE  XJUUHATES  AFTER  HUMIDITY  AGING 


•***  4WHW.I 
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TEST 

TEMP 

(°F) 

WEIGHT  GAIN  DURING 
HUMIDITY  AGING 
(%  BY  WT. ) 

A 

72 

0  -  DRY  CONTROL 

B 

72 

0.66 

C 

72 

1.25  -  SATURATED 

D 

260 

0  -  DRY  CONTROL 

E 

260 

0.81 

F 

260 

1.34  -  SATURATED 

An 


STRAINON/IN) 


Figure  16  .  Compressive  Stress-Strain  Curves  for  Unidirectional 
T300/AFR800  Composite  Laminates  After  Humidity 
Aging  at  160°F  (71°C)  and  100%  R.H.:  90°  Fiber 

Orientation . 


TABLE  15 

CREEP  PROPERTIES  OF  T300/AFR800  COMPOSITE  LAMINATES 


Composite  Material  Properties 

Material  System  -  T30G/AFR80C 

Fiber  -  TJOO  Matrix  -  APttGO 

Kisistm  Temperature  Matin?  -  350*9(177*0 
R«ein  Content  -  27-5%  by  wt. 

Fiber  Content  -  68.0%  by  vcl , 

Void  Content  -  *  O'  by  vol. 

Test  Method  -  Straight -sided  Reference  - 
tension 

Rrspreg  by  -  Mexcel 

Laminate  &p.  Cr.  -  1*3 
Nominal  Ply  Thick nan* 
Mo,  of  panels  from  whi 
in  this  table  -  24 
TTtickneaa  of  each  type 
k$TM  02290  6 

03029  9C 

+4! 

Graphic ay Lpoxy 

V  IT" 

-  0 , 005*2  inch 

ch  specimens  were  tested 

specimen: 

•  -  6  ply 
>*  -  15  ply 
>•  -  8  ply 

1  CREEP  | 

Temperature 

filter  Orientation 

0* 

$o» 

*45* 

?2*F(22*C) 

SUC»  Level  Ik.i]  (XT.) 

1161.8)  (1129) 

(3,21)  (22.1) 

116.27)  (112) 

Creep  Strain,  500  hs{%) 

0.0067 

—4 

0-4039 

Ho.  of  Specimens 

3 

3 

Residual  Strength {kai} (MPa) 

(211.51  -U457> 

— 

[ 23.45}  (162) 

Ho.  of  Specimens 

2 

3 

Sue**  L»vel(k*il  (XP») 

1343,4}  (987) 

{2.75 

(18.9) 

[13.941  (96) 

Creep  Strain,  500  hr(%) 

0.0002 

0 

0355 

0.2693 

No.  of  Specimens 

3 

3 

3 

Residual  Strength  (kai)  (MPa) 

... 

(6.18)  (42.6) 

He.  of  Specimens 

— 

2  ! 

— - 

Stress  Uvelikai}  (KPa) 

[2*29)  [15.6) 

[11.62) (80! 

Creep  Strain,  500  hr(%} 

0 

0342 

0.2046 

Mo.  of  Specimen* 

3 

Residual  Strength  {ksi)  (MPa) 

(5.60)  (3£.6) 

[22-97]  1758) 

He.  of  Specimens 

3 

3 

260*r (127*C) 

sue**  L*v«l  (k*l)  (XM> 

1174.5)  (1202) 

[2.81)  119.4) 

[13.44] 193) 

Creep  Strain,  500  hr(%) 

C-13C0  at  310  hr. 1 

— 

-- 1 

He.  et  Sp.cia.ns 

i’ 

3’ 

3 

K**kdu*l  Stt.ojth (k«i) (HP.) 

1206.65  U<2?) 

16- 11! 

(42.1) 

Mo.  at  Sp«i»«ns 

1 

1 

sum  Levei|k*iJ  (XP«) 

[155.1]  11068) 

[2,58] (17.8) 

til. 761 (81) 

Creep  Strain,  500  hr{%> 

0.0715 

0 

.0610 

1.1214 

Ho.  of  Specimens 

S’ 

3 

Residual  Strength |kai)( HPa) 

(195.71  U27fe) 

lE.oei 

1 55 .0/ 

as*) 

Ho.  of  Specimens 

2 

3 

3 

Sum  L»v«l!k*i] (HP.) 

1135.7)  (935) 

(2.343  {16.15 

{10. 08)  POi 

Creep  Strain,  500  hr(%) 

0.0054 

c. 

0608 

0.9367 

Ho.  of  Specimens 

3 

3 

RMiduil  Str.npUlIkll)  (HP.) 

1221.11  (1523 ) 

[4.9e 

(34-3) 

[23.52)  1163) 

No.  of  Specimens 

- 

3 

2£D*F(177*CJ 

Stress  Level (ksi} {MPa} 

1154.!) (1076) 

[2.711(18.7} 

[9. 76)  (67) 

Creep  Strain,  500  hx(t) 

0.0646 

- 

—  4 

- - 4,6 

Mo.  of  Specimens 

3i 

3 

3 

Residual  Strength  lk*i)  (MPa) 

i217.ll  U496J 

— - 

Mo.  of  Specimens 

3 

0 

0 

Street  Level  Ikai)  (MR*) 

[136.8)  (956) 

{2.17} (15-0) 

[6.14) (56) 

Creep  Strain,  500  hr{%) 

0,0142 

Q. 

2  772' 

1,7298  »t  7  hr.* 

Ho  -  of  Specimens 

4 

1* 

2 

Residual  Strength {ksi} (HPa) 

{216.9}  (1494) 

15-013 

(34.5) 

{19.35}  (133) 

Mo.  of  Specimens 

4 

1 

SUM*  L.v.1  lk»il  (HP.) 

1121.5)  (637) 

[1.63]  (U-2) 

{6.51}  (4  5) 

creep  Strain,  500  hr(%) 

0.0494 

0. 

3629 

2.372  «  12C  hr.1 

mo.  of  Specimens 

2‘ 

3 

Residual  Strength  [k»l}  (MRS) 

1186-01  <i2«  21 

|3.93i 

(2  t .  1} 

(lt.ikjj  W*5j 

lie.  of  Specimen* 

3 

3 

MQt*u:  Ail  values  represent  arithmetic  average- 

Ail  residual  strength*  determined  by  tensile  tot  *t  “2#f. 

X .  5*9«  MltuncUDiwd  b e*cx«  ««<  of  tut  on  ent  «ptcuui.. 
2 .  on*  spec  ion  failed  oc  loading  or  during  test. 

2.  Two  specimen*  failed  on  loading  or  during  teat. 

4.  Thro  specimens  failed  on  loading  cr  duxiaq  test. 

5.  Test  o*ee  malfunctioned  during  teat  on  oc«  specimen. 

£.  Strain  exceeded  0*9*  limits  on  sll  iptcimn*. 


TABLE  16 


STRESS  RUPTURE  PROPERTIES  OF  T300/AFR800 
COMPOSITE  LAMINATES 


Composite  Material  Properties 


Material  System  -  T300/AFR600 

Fiber  -  T300  Katrix-AFKSOO 

Kaxioun  Temperature  statin?  -  350*1’ 
Resin  Content  -  27.5%  by  wt. 

Fiber  Content  -  68.0%  by  vol. 

Void  Content  -  >ot  bv  vol. 


Or aphi t  e/Epoxy 


Teat  Method 


straight-sided 

tension 


Reference  - 


Prepreg  by  -  Hexeel 

Laminate  Sp.  Gr.  -  1.59 
Nominal  Fly  Thickness  -  0.0052  inch 
No.  of  panels  from  which  specimens  were  tested 
in  this  table  -  24 
Thickness  of  each  type  specimen: 

ASTM  D2290  t  0*  -  6  ply 

03039  90*  -  15  ply 

+45*  -  8  ply 


STRESS  RUPTURE 


Teiwieratai'e 

Fiber  Orientation 

0* 

90* 

+45* 

?2*F(22*C) 

Stress  Level  [ksi]  (MPa) 

,'163.8]  [11295 

(2.75)  (18.9) 

(16.27)  (112) 

Tine  to  Failure (hr s} 

500* 

333  * 

500 

4o.  of  Specimens 

3 

3 

3 

RefiicuaJ.  Strength >ptsi 3  (MPa) 

[211. 5]  (1457) 

16.18}  (42.6) 

[23.45]  (162) 

Ho.  of  Specimens 

2 

2 

3 

Stress  Level (ksi) (MPa) 

[143.4)  (987) 

12.29J  (15.8). 

[13.94)  (96) 

Tine  te  Failure (hra> 

500  J 

500 1 

500 1 

ito.  of  Specimens 

3 

3 

3 

Residual  Strength  iksi  3  (MPn) 

— 

(5.60]  [36.6) 

No-  of  Specimens 

— 

? 

— 

263*F(12?*C) 

Stress  Level [ksi] (MPa) 

1 174.5)  (1202) 

[2.B1]  (19-4) 

113.44)  (93) 

rme  to  Failure(hxs) 

167* 

167* 

0.2* 

No.  of  Specimens 

3 

3 

3 

Residual  Strength (ksi) (MPa) 

(208.83  (1439) 

[6.11)  (42.1) 

No.  of  Specimens 

1 

1 

Stress  Level (ksi) (MPa) 

(155.1)  (1068) 

[2.58]  (17.8) 

111.76)  (81) 

rime  to  Failure (hr*) 

336* 

500 1 

500 1 

So.  of  Specimens 

3 

3 

3  v 

Residual  Strength  Iksi) (MPa) 

(199. 7]  (1376) 

.  [5.08]  (35.0) 

[23-08]  (159) 

No.  of  Specimens 

2 

3 

3 

350*FC177*C) 

Stress  Level [ksi] (MPa) 

[156.2]  (1076) 

[2.71]  (18.7) 

[9.76)  (67) 

lime  to  Fsilure(hra) 

500 1 

23" 

156* 

No.  of  Specimens 

3 

3 

3 

Resitiual  Strength [ksi] IMP*) 

[217.1]  (1496) 

-em. 

No.  of  Specimens 

3 

0 

0 

Stress  Level (ksi) (MPa) 

[138.8]  (956) 

12.17]  (15.0) 

[8. 14)  (56) 

Time  to  Failure  (hrs) 

500 1 

235  * 

500 

No.  of  Specimens 

4 

3 

3 

Residual  Strength  Iksi)  (MPa) 

[216.9]  (1494) 

[5.011  (34.5) 

[19.35]  (133) 

No.  of  Specimens 

4 

i..-, ... 

1 

3 

All  values  represent  arithmetic  average*.  All  residual  strengths„deT*r»ined  by 
tenaile  teat  at  72*F  (22*C) . 

1.  No  failures  within  500  hours. 

2.  Average  of  one  failure  and  two  500-hour  survivals. 

3.  Average  of  two  failures  and  one  500-hou r  survival. 

4.  Average  of  three  failures- 
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FATIGUE  PROPERTIES  OF  T300/AFR8C0 
COMPOSITE  IAMINATES 


Composite  Material  Properties 

Material  System  -  T300/XFH800 

Prep reo  by  -  Hexcel  j  Graphite/Epoxy 

Tiber  -  T300  Matrix  -  AFR80Q 

Maximum  Temperature  fating  -  3S0*F (177*0 
Resin  Content  -  26.9%  by  wt. 

Fiber  Content  -  68.6%  by  vol. 

Void  Content  -  *  0%  by  vol. 

Test  Method  -  Straight-sided  Reference  - 
tension 

Laminate  Sp.  Gr.  -  1*59 

Nominal  Ply  Thickness  -  0.0052  inch 

No.  of  panels  from  which  specimens  were  tested 
in  this  table  -  25 

Thickness  of  each  type  specimen: 

ASTM  D3479  o*  -  6  P1* 

90*  -  is.  ply 
+45*  -  8  ply 

TENSILE 

FATIGUE,  RO.l 

Temperature 

Fiber  orientation 

0* 

90* 

+45* 

72*F{22*C) 

Max.  Stress (ksi 3 (MPa) 
Lifetime  (cycles) 

No.  of  Specimens 

Residual  Strength  fit  si]  (MPa) 
No.  of  Specimens 

1143.7)  (990) 

45,336 

5 

0 

(3.21)  (22.1) 

52,038 

6 

0 

(16.27)  (112) 

17,688 

5 

0 

Max.  Stress (ksi) (MPa) 

Lifetime  (cycles) 

No.  of  Specimens 

Residual  Strength  [ksi) (MPa) 
No.  of  Specimens 

(134.7)  (928) 

3,960,636 

6 

(211.0)  (1454) 

4 

(2.98)  (20.5) 

29,091 

5 

0 

(15.11)  (104) 

47,600 

5 

0 

Max.  Stress [ksi] (MPa) 
Lifetime  (cycles) 

No.  of  Specimens 

Residual  Strength (ksi) (MPa) 
No.  of  Specimens 

(125.7)  (866) 

2,124,065 

6 

(203.3)  (1401) 

3 

(2.75)  (18.9) 

1,164,422 

5 

(5.49)  (37.8) 

2 

(13.94)  (96) 

1,403,780 

5 

0 

260*F  (127*0 

Max.  Stress (ksi) (MPa) 
Lifetime  (cycles) 

No.  of  Specimens 

Residual  Strength (ksi) (MP*) 
No.  of  Specimens 

(174.53  (1202) 

8,052 

5 

0 

(2.98)  (20.5) 

8723 

3 

0 

(12.60)  (87) 

84,080 

5 

0 

Bax.  Stress (ksi) (HPe) 
Lifetime  (cycles) 

No.  of  Specimens 

Residual  Strength  (ksi) (MPa) 
No.  of  Specimens 

(155.1)  11069) 

136,078 

5 

0 

(2.81)  (19.4) 

51,608 

5 

(7.28)  (50.2) 

1 

(11.76)  (81) 

68,513 

5 

0 

fjax.  Stress (ksi) < MPa) 
Lifetime  (cycles) 

No.  of  Specimens 

Residual  Strength (ksi) (MPa) 
No.  of  Specimens 

(145.4)  (1002) 

1,759,820 

4 

(187.6)  (1292) 

1 

(2.57)  (17.7) 

10  + 

1 

(6.10)  (42.0) 

1 

(10.92)  (75) 

3,449,829 

5 

(21.20)  (146) 

1 

20.  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  T300/AFR800  Composite 
Laminates .*  0°  Fiber  Orientation,  R  ®  0.10,  10  Hz. 
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Figure  21.  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  T300/AFR800  Composite 
Laminates:  90°  Fiber  Orientation,  R  «  0.10,  10  Hz. 


TABUS  IS 

THERMOPHYSICAL  PROPERTIES  OF  T3CC/AFR800 
COMPOSITE  LAMINATES 


Composite  Material  properties 

Material  Sritn  -  TIOO/AfB  800 

Prenrec  by  -  Bex cel 

PSBSBPHBH 

Fiber  -  T3O0  Matrix  -  AFB  830  S?.  Or.  -1.59 

liaxirx*.  Teepcratere  Fating  -  3SO*F(177*C)  Aver^  pyy  »*<***«  -  0.0052  inch 

Kessn  Content  -  by  *  of  panels  fro*  whit*  specimens  were  tested 

Fiber  content  -  tt.St  by  vol.  thistahl.  -  2 

Void  Content  -  =  OS  by  vol. 

Thickness  of  each  type  specimen:  Then*.  Exp.  -  50  ply  Spec.  Ht-  -  1  ply 

There.  Cood.  -  SO  ply  Glass  Trans.  -  14  ply 

THEFJiQPBYSlCAL  PROPERTIES:  0* 

-67TI-SS+C) 

72*F(22*C1 

350*F  (177*C 

Test 

Method 

Thermal  Expansion1 
ox(}iin/in-*Fl  (ycVcn-’C) 

-0-08 

-0.37 

-0.14 

-0.20 

t*A2 

Oy  tpin/in-*TJ  Uicm/cn-*C) 

12-9 

13.6 

14.5 

16.9 

No.  of  Specimens  per 
direction 

3 

3 

3 

3 

Specific  Heat 

Cp  [ptu/lb  *  -*F 3  U/kg- *C) 

10.0011(33$} 

(0.203)1849) 

[0.3023(1263) 

[0.308]  (1288) 

DSC3 

No.  of  Specimens 

3 

3 

3 

3 

Thermal  Conductivity1 
kx (btu-ft/f t2-hr-*F) 
tK/»-*C) 

No.  of  Specimens 

Id. 3713 
(O.U42) 

3 

t0, 433) 
(0.749) 

3 

b.  517  1 
fc.894  ) 

3 

10.555) 

©.960) 

3 

Compare tive 

Class  Transition  Temp, 
cry  I*r)(*C) 

Wet  l*F](*C> 

[468)  (242) 

[381)  (194) 

DH*4 

DMA 

TOERrtOPHiSlCAL  PROPERTIES:  +4  5’ 

Thermal  Expansion1 
axIyin/in-*F)  (Ccm/car-  +C) 

2-6 

2.4 

2.8 

3.2 

2 

TM h* 

NO.  of  Specimens  per 
direction 

3 

3 

3 

3 

Thermal  Conductivity1 
k  tbtu- ft/ft2- hr- *F) 
<N/m-*C) 

No.  of  Specimens 

[0.311] 

(0-538) 

3 

[0-351] 

(0.607) 

3 

[0.4063 

(0.702) 

3 

[0.433] 

(0.749) 

3 

Comparative 

HOTES. 3.  On  the  unidixectionally  reinforced  specimens,  the  x-direction  is  along  the  fiber 
axis,  the  y-direction  is  across  the  fiber  axis,  and  the  s-directioc  is  through 
the  thickness  (identical  to  the  y-direction) .  On  445*  bidirectionally  reinforced 
sprciiens ,  the  x  and  y  directions  are  identical  and  oriented  at  45*  to  either 
fiber  direction,  while  the  r-direction  is  through  ths  thickness, 

2.  Thermo-Mechanical  Analysis. 

3.  Differential  Scanning  Calorimetry . 

4.  Dynamic  Mechanical  Analysis. 


4.2  SiC/5506 


This  system  consisted  of  5.6  mil  (0.14  mm)  silicon 
carbide  fiber  (on  a  carbon  core)  in  an  epoxy  matrix  resin. 

Both  the  fiber  and  resin  were  AVCO  products  (Specialty  Materials 
Division,  Lowell,  Massachusetts) .  The  resin  is  a  350®F  (177*0 
curing  system  which  is  modified  for  extra  toughness. 

Tables  19  through  32  present  the  data  generated  for  this 
silicon  carbide-epcxy  system.  Figures  23  through  40  illustrate 
the  stress-strain,  fatigue,  and  creep  behavior  of  this  material, 
as  well  as  the  effects  of  humidity  aging  upon  selected  composite 
properties . 

Perhaps  the  most  obvious  feature  of  this  system  is  the 
substantial  decrease  in  property  levels,  particularly  the  resin 
dominated  properties,  at  the  350°F  (177°C)  test  temperature 
relative  to  the  260°F  (127°C)  test  temperature. 

The  high  0°  compressive  properties  exhibited  by  this 
system  relative  to  the  other  systems  tested  reflect  the  beneficial 
effect  of  the  much  larger  filament  diameter  compared  to  graphite 
in  resisting  buckling. 
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TABLE  10 

PROCESSING  CONDITIONS  FOR  SiC/5506  COMPOSITE  LAMINATES 


Composite  Processing 

I 

! 

Material  System  -  SiC/5506 

SiC/Eooxv 

Fiber  -  5.6mil  SiC  Matrix  -  AVCO  5506 

Maximum  Rated  Temperature  -  350°F 

Prepreg  by  -  avco 

— 

Laminate  Processing  Schedule 


Layup  Procedure:  The  prepreg  was  stored  in  a  closed  wrapper  at  0°F  (-1S°C) . 
Prepreg  was  warmed  to  rocrn  temperature  before  removal  from  wrapper  to  prevent 
moisture  condensation  on  pregreg.  Plies  were  cut  to  desired  size  with 
razor  knife  and  stacked  in  desired  sequence  (release  paper  removed  from  each 
ply) .  The  stack  was  placed  in  the  autoclave  according  to  the  layup  system 
illustrated  in  Figure  23.  The  corprene  edge  dam  serves  to  restrict  fiber 
flow. 


Cure  Schedule:  Apply  full  vacuum  and  hold  it  throughout  the  cure  cycle. 
Pressurize  to  85  psi  above  bladder  and  heat  at  4-6#F/min  to  350°F.  Hold 
at  350°F  for  1  1/2  hours.  Cool  under  pressure  and  vent  vacuum. 


Postcure  Schedule:  After  trimming  of  flash,  panels  were  placed,  unrestrained 

in  a  circulating  air  oven  and  heated  to  375 °f  at  4-6°E/min.  They  were  held 
at  375*^  for  four  hours  then  cooled  to  room  temperature. 


NOTE:  This  cure  schedule  represents  one  which  differs  from  that  originally 

recommended  by  AVCO.  Due  to  the  slower  response  of  the  large  autoclave 
used  to  fabricate  our  panels,  the  cure  schedule  had  to  be  modified. 

The  original  schedule  recommended  by  AVCO  was  as  follows : 

Apply  full  vacuum.  Pressurize  to  50  psi  above  bladder 
and  heat  at  4-6°F/min  to  350°F,  venting  vacuum  when 
temperature  reaches  135°F.  Hold  at  350°F  for  1-1/2  hours 
and  cool  under  pressure. 

This  cure  schedule,  when  followed  in  our  autoclave,  produced  laminates 
having  a  specific  gravity  of  2.19  and  void  content  of  5.7%. 


TABLE  20 

PREPREG  AND  COMPOSITE  PHYSICAL  PROPERTIES 


Cosmos its  Physical  Property  Information 

Material  System  -  sic/5506 
Fijoer  -  5.6  mil  SiC 

Matrix  -  AVCO  5506 

SiC/Epoxy 

Maximum  Rated  Temperature  - 

350*F  (177°C)  Prepreg  by  -  AVCO 

prepreg  Physical  Properties 

(Property) 

(Stnd.Dev.)  (Range) 

(Test  Method) 

(Ref.) 

Volatile  Content-  1.40% 

0.08%  1.34-1.52% 

Advanced  Para.  4. 2. 3. 3 

Resin  Content-  27.9% 

0.6%  27.4-28.6% 

Composite 

4- 2. 3. 2.1 

Resin  Flow- 

No.  of  Rolls  Involved- 4 

No-  of  Batches  Involved-  1 

Design  Guide 

Laminate  Physical  Properties1 

(Stnd.Dev.)  (Range) 

(Test  Method) 

(Ref.) 

No.  of  Panels-  31 

Fiber  Content-  58.6%  by  vol. 

1.3%  53.9-61.2% 

Acid  Digestion 

Resin  Content-  19.0%  by  wt. 

0.9%  17.4-22.0% 

AFML-TR-67-243 

Void  Content-  0.7%  by  vol. 

0.7%  0.0-2. 2% 

D2734 

ASTM 

Laminate  Sp.  Gr„-  2.36 

0.02  2.30-2.41 

D792 

ASTM 

Fiber  Sp.  Gr.-  3.082 

As  reported  by  manufacturer. 

Matrix  Sp.  Gr.-i.23 

As  reported  by  manufacturer . 

Thickness  per  ply-o.0064  in. 

0.0002  in.  0.0061-0.0069  in: — 

"^Tha  properties  reported  here  represent  averages  for  all  panels  of  this 
material  used  throughout  the  program. 

2 

Pregreg  also  contains  a  glass  scrim  cloth  (4.5%  by  wt.)  with  a  fiber 
specific  gravity  of  2.40. 


HPUC  ANALYSIS 

SAMPLE  (CONCjAlfe  SAMPLE  SB£j* !!£**} - 

noble  phase  i  mobile  phase  _ 

mow  ratf  _ program..  J^?X4Ll_2. - 

COUJMN{S)  ^ _ DETECTOR. - 

ATTENUATION. ____ _ WAVE  t^GTH„X^Ji2\. - 

CHART  SPEED _ °'S  *'*'*«' _ FULL  SCALE  {mV} _ _ 

nATF  15  nPFRATQg  WOLPfc - 

u/ArttTR  7A%  A  Cfc7z>. 

xo  Mi*J  /9% 

2| 

C^t^JTKATft.sJ  t>i r  /)c£Tt>A/,TRIL.£  (  /O 
yin U  r  —  »  '  '■  "^r  "V — r  '  "y"*^T •  X  "■■'■ — -  n  | 


INJECT  16: 41: 45 


Figure  24  .  HPLC  Analysis  of  AVCO  5506  Epoxy  Resin 


HPLC  ANALYSIS 

SAMPLE  SAMPLE  Si ZZm  **“$£*& _ 

MOBILE  PHASE  l_S^f4iok _ MOBILE  PHASE  2^Vit--£ _ 

FLOW  RATE r_ _ PROGRAM _ .  .0 _ 

COLUMN(S) _ 0$“?- . CETECTOfL  j£r*±i  r__3JliL,, 

ATTENUATION _ ?2\_ . __  WAVE  LENGTH .. .. ..*£? _ e , 

CHART  SPELD. „ . _ 9:?.  .  FULL  SCALE  {mV}  ,  ZO  +fi _ 

i> RT£  . .  OPERATOR,, _ _ 

Tlrt€  o  ui^TBtZ  1C  %  AC.ET&, 

Z&  M ,i*o 

V/  /  ST 

COA»cOJr<e477o<0  Of  AL£ToftTklL£  (  /*  )  * 

x  s  x  %  ^  s  a  y  ? _ $ 


fz% 

9*# 


INJECT  LZ.1~J.1Q 


xH-re****1-  si-a*jo^RO 


HPLC  ANALYSIS 

SAMPLE  (CONC.]__f?f^. J&IP. ,  SAMPLE  SIZE  _  _  _ 

MOBILE  PHASE  1  AcvkE'lcik.  MOBILE  PHASE  _ 

FLOW  RATE__.J^.ri?Z^iV_ _ PROGRA  M  Ji. _ 

COLUMNS) _ OtjS., _ DETECT  OR.  TfSf i  f_  51® 

ATTENUATION _ _ WAVE  LENGTH..  _ 

Ci-lART  SPEED _ .1  FULL  SCALE  (mV) _ .. 

LATE. . OS-1.  ?>  ..I*) . OPERATOR..  _ _ 


Figure  26.  HPLC  Analysis  of  Epon  028  Epoxy  Resin 


TABLE  21 


TENSILE  PROPERTIES  OF  SiC/5506 
COMPOSITE  LAMINATES 


|  Composite  Material  Properties  ^ 

1  Material  System  -  SiC/5506 

Prcpreg  by  - 

AVCO 

Maximum  Rated  Temperature  -  35fl*fU?7*C) 

Laminate  sp. 

Gr.  -  2.38 

Nominal  Ply  Thickness  -  O.OQ62 

inch 

Fiber  Content  ~  59.9%  by  vol. 

Mo.  of  panel*  from  which  specimens  were  tested  J 

Void  Content  -  Q.*5  by  vol. 

xn  this  tablo  -  6 

|  Thickness  of  Mcb  type  specimen i  0*  »  6  ply  ;  90* 

IS  ply 

TEHSIOKt  0* 

ssns — 

- 7S*fr(H»CJ - 

TW'rUiJ'c'S — 

■mg-ami  Ei  r— 1 

r“  Ik*tHKP.) 

{221.6}  (1527) 

(229.11  (1578) 

tl9Q ,6)  (1313) 

(174.51  (1202) 

Stnd.Dev,  Jbei)  t»*a) 

U8. 2)  cm> 

(8.4)  (58) 

(13.3)  (92) 

[11.01  (76) 

Range  OcsiJ  (KPi) 

[198.8  -  235.8) 

(220.3  -  241.71 

(178,8  -  205.01 

(161.7  -  181.0) 

(1370  -  1625) 

v!5l8  -  1665) 

0232  -  1412) 

(1114  -1247) 

R>.  of  Specimen* 

5 

5 

3l 

31 

r^pI  iktUlw.) 

(129.5)  (892) 

[71.41  (492) 

186-7]  (59) 

(57.41  (395) 

Stod. Dry.  (kttl  (HP.) 

(36.2)  (244) 

(20.4)  (141) 

(12.5)  (86) 

(19-5)  (134) 

Mo.  of  Specimen* 

5 

5 

3 

3 

B*  IH.U  (GP.) 

132.31  (223) 

(33.4)  (230) 

(33.2)  (229) 

(33.0)  (227) 

Stnd.  Dev.  (Msi)  (G?*-' 

(1.11  (7.0) 

(1.31  (9.0) 

(0.4)  (2.8) 

(2.41  (1.7) 

Mo.  of  Specimens 

s 

s 

3 

3 

ta 

e  (uin/in!  (yca/ca) 

7800 

7660 

6800 

S130+3 

stnd-Dev- 

190 

760 

— 

No.  of  Specimens 

5 

s 

2 

3 

t 

V*Y 

0.22 

0.23 

0.25 

0.32 

Stnd-  Dev. 

0.03 

0-02 

0.05 

0.15 

No.  of  Specimens 

5 

4 

3 

3 

feat  Method 

AStM  D3039 

Reference 

TENSION:  90*  J 

f‘°  IktiKHP.) 

[9.781  (87.4) 

(9.71)  (66.9) 

(6.44)  (44.4) 

1 

14.341  (29.9) 

Stnd. Dev. (Xsi) (MPa) 

11.42)  (9.78) 

(0.511  (3.5) 

[0.101  (0-7) 

(0.40)  (2.8) 

Range 

18.31  -  11.55J 

[8.99  -  10.43) 

{6.34  -  6. 56) 

(3.B4  -  4.92) 

(57.3  -  79.6) 

(61.9  -  71.9) 

(43.7  -  45.2) 

(26.5  -  33.9) 

Mo.  of  Specimen* 

5 

5 

5 

5 

r*pl  lk.il  (w>«) 

(6.17)  (42.5) 

(4.24)  (29.2) 

(2.84)  (19.6) 

(1.751  <12.11 

Stnd. Dev-  {k*ij  (MPa) 

[1.211  (8.3) 

(0.62)  (4.3) 

(0.17)  (1.2) 

(0.131  (0.9) 

Mo.  of  Specimen* 

5 

5 

s 

5 

IHsiJCP.) 

(3.881  (28.8) 

(2.99)  (20.6) 

(1.97)  (13.6) 

[1.041  (7.2) 

Stnd.Dov.  IMsi)  PPa  > 

[0.121  (0.83) 

[0.10]  (0.69) 

(0.161  (1.1) 

[0.131  (0.9) 

No.  of  Specimens 

5 

S 

s 

5 

t‘u  UUn/inKvcVci.) 

2,749 

3,727 

4,695 

7,550 

Stnd.  Dev. 

470 

194 

373 

975 

No.  of  Specimen* 

s 

5 

5 

5 

t 

vy* 

0.02S3 

0.021-5 

0.015?’ 

0.0103 

Stnd.  Dev. 

No.  of  Specimen* 

R«.f  et  enco 

ASTM  03039 

Exclude*  data  fro*  two  specimen*  fro*  U*d  panel  (had  wry  hiqh  void  content)  . 
3Strain  gage*  failed  bofor<»  end  of  t**t  on  two  of  three  spec ‘men*. 

^Coaputod  Using  elastic  moduli  and  longitudinal  Poisson's  ratio. 
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Tensile  Stress-Strain  Curves  for  unidirectional  sic/5506  Composite 
Laminates:  0°  Fiber  Orientation. 


Figure  28.  Tensile  Stress-Strain  Curves  for  Unidirectional 
SiC/5506  Composite  Laminates:  90°  Fiber 
Orientation. 
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TABLE  22 


TENSILE  PROPERTIES  OF  S1C/S506 
COMPOSITE  LAMINATES 


Composite  Material  Properties 

Material  System  -  SiC/5506 

Prepreg  by  - 

AVCO 

SiC/ Epoxy 

Fiber  -  5.6  mil  SiC  Matrix  -  AVCO  5506 

Maximum  Bated  Temperature  -  35Q*F(177*C) 

Resin  Content  -  20.2%  by  vt. 

Fiber  Content  -  56.8%  by  vol. 

Void  Content  -  0.7%  by  vol. 

laminate  Sp.  Gr.  -  2.33 

Nominal  Ply  Thickness  -  0.0064  inch 

No.  of  panels  from  which  specimens  were  tested 
in  this  table  •  4 

Thickness  of  specimen  -  8  ply 

TENSION:  +45* 

-67*F(-5S*C) 

72“P(22*C) 

260“F  (127*C) 

350*F  (177*0 

F*u  (ksi] (MPa) 

119-72}  <135. 9) 

[17.32]  (119) 

[11.52]  (79) 

[7.93]  (54.6) 

Stnd.Dev.  (ksi)  (MPa) 

(1.191  (8-2) 

(0.S8J  (4.0) 

(0-34)  (5.8) 

(0.18]  (1-2) 

Range  tksij  (MPa) 

117.69  -  20.63] 

[16.52-17.95] 

[10.66-12.45] 

(7.67  -  8.17] 

(121.9  -  142.1) 

<114  -  124) 

(79  -  99) 

(52.8  -  56-3) 

No.  of  Specimens 

5 

5 

5 

5 

[ksi]  (MPa) 

16.25]  (43.1) 

(5.141  (35) 

[1.59]  (11) 

(0.53)  (6.4) 

Stnd.Dev.  [ksi]  (HPa) 

(0.571  (3.5) 

[0.92]  {6.3} 

(0.37)  (2.5) 

(0.32)  (2.2) 

Ho.  of  Specimens 

S 

5 

5 

5 

B*  (MsiltaPa) 

(3.71)  (25.6) 

[2.97]  (20) 

(1.63)  (11) 

(0.51)  (3.5) 

Stnd.Dev. IMsi)  IGPa) 

[0.221  (1.5) 

(0.30)  (2.1) 

[0.27]  (1.9) 

10.19)  (1.3) 

Ho.  of  Specimens 

5 

5 

5 

5 

t^u  [yin/in]  (ycn/cm) 

8,600 

15,510 

35.100+1 

30,900+* 

Stnd.  Dev. 

1,234 

544 

7,280 

6,540 

No.  of  Specimens 

5 

5 

5 

5 

vxy 

0.66 

0,74 

0.89 

0.74 

Stnd.  Dev. 

0.07 

0.08 

0.11 

0,11 

No.  of  Specimens 

5 

5 

5 

5 

Test  Method 

Reference 

ASTM  D3035 

Ultimate  strain  exceeded  limit*  of  ■train  gage* 


Figure  29 .  Tensile  Stress-Strain  Curves  for  Bidirectional  SiC/5506  Composite 
Laminates:  +45°  Fiber  Orientation. 


TABLE  23 


TENSILE  PROPERTIES  OF  SiC/5506 
COMPOSITE  LAMINATES 


K*U*i*l  Syste*  -  SiC/5506 
nw  -  5.6  mil  sic  Matrix  -  AVCO  5506 

Kaximua  RaU-d  ?esf>cratiira  -  35C*T(1?7*C) 
f*:sin  Content  -  14*9*  fay  *%* 

Fihor  Content  -56.56  by  mol. 

Void  Con tsnt  -  0.5%  by  vol, 

Thickness  of  eocfa  type  apeeutom  20  l*ly 


Material  projection 


Preprog  fay  -  AVCO  j  SiC/Epoxy 

-  AVCO  5506  ,  ls  i - 

*Til?7*C)  fasminate  Sp.  Cr.  -4.35 

itoarinel  Ply  Thickness  -  0.0052  iacfc 
Ho.  of  panels  from  which  specimens  worn  touted 
in  this  table  -  9 


Tensions  i0,  *45/ 


67*P{-55*0 


•45,  0.  0,  -45,  *45,  0,  50,  0im 


I*  (ksijwd 

stnd.Dsv.  (ksi)  (HP*) 
**ngs  Jksi}  (HP*) 

•to.  of  Specimen* 

P*pl  tk*il  («>,»> 

Stnd.Dav.  [Xsi]  (M?*) 

Ito.  of  Specimen* 

£*  Hull  tGP») 

Stnd.Cev.  (Mei)  {CP*} 
Ho.  of  Specimens 


»  (yin/io)  {pcn/cm} 

I  Stud. Dev. 
f  Ito*  of  Specimen* 


Stnd.  Dev, 

Ko.  of  Sped mene 

Tent  Method 
Reference 


IU9.IJ  (822) 

1117.2}  (807} 

(8.2!  (56) 

(7.71  (53) 

1108.2  -  12S.6) 

[107.4-126.21 

a* 5  -  &6S) 

(740  -  870) 

4 

5 

[38.61  (266) 

(49.1)  U38) 

(18. 8i  (130) 

[IS  .01  (103) 

5 

5 

(20.53  (141) 

(19.0]  U31) 

(2.03  (14) 

(0.41  (2.8) 

5 

s 

5725 

5740 

100 

10O 

4 

1 

5  1 

0.71 

0.45 

0.10 

0.11 

4 

5 

AST*  03039 

(107.2)  (739) 

16.0) 

(102.1 

(703 

(41) 

-115.6} 

-  796) 

4 

(60.31 

(419) 

(U.l) 

(76) 

4 

(18.11 

(125) 

(0.61 

(4) 

4 

sioo 

670 

4 

TOKlONt  (0,  +4S,  -45,  0,  0,  -«S,  +45,  0,  90.  0),  with  hoi.  * 


ff  (1.1  !(»•») 

Stna.Oaw.  (l.i }  (HP.) 
Re  age 

Ho.  of  Specimen* 

rjpl  (i.i l (up.) 

Stnd.Dov.  tl.U  (HP.) 
to.  of  Specimens 


ty  CM*!}  CCPe) 

find. Dev.  Ihsi  )  (CPe) 
kol.  of  Specimens 


Cy  |pin/in} (yem/eni 

Itn4.  Dev. 

Ko.  of  Specimen* 


V* 

S»  nJ.  Dev. 

*>.  of  Sja/cimens 

■Pesl  KM  hud 


1  \1U  01*1 1 


1  These  Specimens  h#d  •  0.1915  Inch  (0  491  cm}  hole  in  the  center  of  the  test  section. 
Stresses  mere  calculated  using  tvs'.  cross-section*!  ere*. 


0.001  0.002  0.003  0.004  0.005  0.006  0.007 

STRAINON/IN) 


Figure  30  .  Tensile  Stress-Strain  Curves  for  Multidirectional 
SiC/5506  Composite  Laminates:  (0,45,-45,0,0,-45, 
45,0,90,0) s  Fiber  Orientation. 
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TABLE  24 


COMPRESSIVE  PROPERTIES  OF  SiC/5506 
COMPOSITE  LAMINATES 


Composite 

Material  Properties 

Hater ial  System  -  SiC/S506 

Prepreg  by  - 

AVC0 

Sic/Epoxy  1 

Maximum  Hated  Temperature  -  350°P(177*C) 

Laminate  Sp. 

Gr.  -  2-38 

Nominal  Ply  Thickness  - 

0-0061 

inch 

No.  of  panels 

from  which  specimens  were  tested 

Void  Content  -  0-1%  by  vqX. 

m  this  tacle  -  i 

Thickness  of  each  type 

specimen;  0°  -  16  ply  ;  90*  -  16  ply 

COMPRESSION;  0“ 

-67*F(-55*C) 

72‘F(22“C) 

260«)FU27*C> 

350TU77-C) 

f£u  [ksi]  (MPa; 

(391)  (2694) 

[326]  (2246! 

[2321  11598) 

[131]  (903) 

Stnd.Dev. (ksi} (MPa) 

[  36]  (  248) 

(  20)  (  138) 

[  8  )  ( 

55  ;  ! 

1  29)  UOO) 

Rang*  Iksi] (MPa) 

£335  -  435] 

(305  -  350] 

[221  -  240] 

(97  -  154] 

(2308  -  2997) 

(2101  -  2412) 

(1523  - 

1654) 

(668  -  1061) 

No.  of  Specimens 

5 

5 

5 

5 

F^pi  [ksil (MPa) 

[2.391  (1647) 

1117]  (806) 

[141]  (1269) 

1  95)  (655) 

Stnd.Dev. (kail (MPa) 

C  65]  (  448) 

[  61)  (420) 

[  32]  (220) 

19]  (62) 

No.  of  Specimens 

5 

3 

5 

5 

E°  (Mai)  (GSa) 

[33.1]  (228) 

[35.5]  (245) 

[33.9]  (233) 

(34.01  (234) 

Stnd.Dev, [Msi] (GPa) 

[  3.01  (  21) 

[  2-81  (  19) 

[  3.21  ( 

22) 

[  8.01  (  55) 

No.  of  Specimens 

5 

5 

5 

5 

e'u  [pin/in] (ucm/cm) 

12,920+‘»* 

6,220+a 

7,760 

3,560+V 

Stud.  Dev. 

4,310 

1,730 

1,110 

300 

No.  of  Specimens 

5 

5 

s 

5 

Test  Method 

A£TM 

D3410 

Reference 

COMPRESSION;  90* 

F«  Iksi]  (MPa) 

[56.7]  (391) 

[34.4]  (237) 

125.7]  (177) 

[19.8]  (136) 

Stnd.Dev, (ksij (MPa) 

13.6]  (25) 

[1.7]  (12) 

[1.5]  (10) 

[1.2]  (8) 

Range 

[53.4-62.3] 

[31,8-36.3] 

123.0-26 

.91 

(18.7-21.61 

(368-429) 

(219-250) 

(158-185) 

(129-149) 

Ho.  of  Specimens 

5 

5 

5 

5 

rJE’1  (Ksi)  (MPa) 

[15.5]  (107) 

[18.0]  (124) 

114.3]  199) 

[9.4]  (65) 

Stnd.Oev, (ksi) (MPa) 

[7.1]  (49) 

[9.1]  (63) 

13.2)  (22) 

[2.2]  (15) 

No.  of  Specimens 

5 

5 

5 

5 

By  (Msi ) (GPa ) 

[3.411  (23.5) 

(3.581  (24.7) 

[2.40]  (16. 5) 

[1.881  (13.0) 

Stnd.Dev.  (Msi]  (GPa) 

[0.97]  (6.7) 

[0.60]  (4.1) 

(0.12)  (0.8) 

[0.32]  (2.2) 

Mo.  of  Specimens 

5 

5 

5 

5 

cu 

Ey  tuin/in] (ycm/cra) 

22 , 200 

9,240+’ 

20,540+‘is 

27 , 100 

Stnd.  Dev. 

3,340 

4,820 

3,620 

3,070 

No.  of  Specimens 

5 

5 

5 

4 

T»*t  Method 

ASTM  D3410 

Reference 

wltiaata  strain  valves  represent  Bixianss  cfcusw!  strain  rather  than  ultimate  value*. 


zTwo  of  five  specimens  exhibited  evidence  of  buckling. 

aT*be  debonded  during  first  test  attempt  at  about  65%  of  ultimate  strength.  Tabs  were 
rebonded  with  a  different  adhesive  and  the  teste  were  rerun.  Modulus  and  proportional 
Uait  were  obtained  fro*  data  recorded  during  first  teat.  Ultimate  strain  values  could 
not  be  obtained  during  second  test  because  of  strain  gage  damage  when  first  set  of  tabs 
debonded-  Value  repqrted  represents  strain  when  tabs  debonded  on  first  teat. 

14 Three  of  five  specimens  exhibited  evidence  of  buckling. 
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STRAINdN/IN) 

Figure  31.  Compressive  Stress-Strain  Curves  for  Undirectional 
SiC/5506  Composite  Laminates:  0°  Fiber  Orientation 


TABLE  25 


FLEXURAL  PROPERTIES  OF  SiC/5506 
COMPOSITE  LAMINATES 


Composite  Material  Properties 

Prepreg  by  -  AVCO 


Materiel  System  -  SiC/5506  Prepreg  by  -  l 

Fiber  -  5. toil  SiC  Matrix  -  AVCO  5506  Laninatc  s  c 

Maximum  Rated  Temperature  -  ISO  i  (177  C)  ply  Th 

Resin  Content  -  by  wt.  to,  o£  panels 

Fiber  Content  -  58.9%byvol.  in  this  table 

Void  Content  -  “  0%  by  vol. 

j  Thickness  of  each  type  specimen's  .  0®  -  14  ply  ?  90*  -  14  ply 


SiC/Epoxy 


Laminate  Sp.  Gr.  -  2 -37 
Mominal  Ply  Thickness  -  0.0069  inch 
No.  of  panels  from  which  specimens  were  tested 
in  this  table  -  2 


F“  [ksi]  (MPa) 

Stnd.Dev.  [ksi]  (MPa) 
Range  [ksi] (MPa) 

NO.  of  Specimens 

E*  [Msi]  (GPa' 

Stnd.Dev. [Msi] (GPa) 
No.  of  Specimens 

Test  Method 
Reference 


F*u  [ksi] (MPa) 

Stnd.Dev. [ksi] (MPa) 
Range  (ksi] (MPa) 

No.  of  Specimens 

E*  (MsiJlGPc) 

Stnd.Dev.  [Msi]  (GPa) 
No.  of  Specimens 

Test  Method 
Reference 


-6?*F(-55°C) 

[324.9]  (2239) 

[8.1]  (56) 

[317.9-336.4] 

(2190-2318) 

5 

[31.9]  (220) 

[0.71]  (4.9) 

5 


FLEXURE:  0“ 

"t  ~7~2*F  ( 22  ^C)  ' 

[314.6]  (2168) 

[10.1]  (69.6) 
(298.0-324.11 
(2053-2233) 

5 

[31.8]  (219) 

[0.48]  (3.3) 

5 


260*F  (127®C) 

[189.3]  (1304) ^ 

[21.6]  (148) 
[166.1-217.2] 
(1144-1497) 

5 

[29.6)  (204) 

[0.94]  (6.5) 

5 


[120.0]  (827) 

[6.5]  (45) 

[109.9-126.2] 

(757-870) 

5 


[30.4]  (209) 

[1.8]  (12) 

5 


4  pt,  flexure  ,  Corresponds  to  ASTM  D790  except  for 

Design  Guide?  Jan.  1971  ‘  loading  points  and  loading  speed 


FLEXURE :  90® 


[15.86]  (109) 

[1.3]  (8.9) 

[14.94-17.26] 

(103-119) 

5 


[2.711  (19) 

[0.18]  (1.2) 
5 


[14.53]  (100) 

[11.08]  (76) 

(0,78)  [5.4) 

[1.35)  (9.3) 

[13.45-15.53] 

[9.96-13.21] 

(93-107) 

(69-91) 

5 

5 

(2.34)  (16) 

(1.44)  (9.9) 

[0,13]  (0.9) 

[0.18]  (1.2) 

5 

5 

[6.96]  (48)  * 

[0.63]  (4.3) 
[6.09-7.74] 
(42-53)  . 

5  • 


[0.85]  (5.9) 

(0.03)  (0.2) 
5 


4  pt.  flexure  ,  Corresponds  to  ASTM  D790  except  for 

Design  Guide?  Jan.  1971  ‘  loading  points  and  loading  speed 


^Specimens  underwent  abnormally  large  deformations  and  exhibited  interlaminar  shear  failure 
rather  than  tensile  failure  on  bottom  ply- 

JSee  following  table  for  flexure  properties  using  a  three-point  loading  mode. 
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TABLE  26 


FLEXURAL  PROPERTIES  OF  SiC/5506 
COMPOSITE  LAMINATES 


Composite  Materiel  Properties 

Material  System  -  SiC/5506  Prepreg  by  -  AVCO 

fiber  -5.6  mil  SiQ4atrix  -  AVCO  5506  .  A 

Maximum  Rated  Temperature  -  350*F  UuainaU  Sj?.  Gr.  -  2.4 

Resin  Content  -  17.4%  by  wt.  Momlnal  Ply  sickness 

Fiber  Content  -  61.1%  by  vol.  Ko‘  of  P^ls  ftom  whx 

Void  Content  -  0.5*  by  vol.  in  this  table  -  1 

Thickness  of  each  type  specimen:  0*  -  pliej  90*  -  14  plies 

SiC/Epoxy 

1 

-  0.0061  inch 
ch  specimens  were  tested 

FLEXURE:  0* 

■  mi  in  M,  i— 

260*F  (12?*c) 

imnmini 

f£u  [ksi) (MPa) 

Stnd.Dev.  (ksi)  (MPa) 
Range  tksi] (MPa) 

NO.  of  Specimens 

K*  (MsiKGPa) 

Stnd.Dev. (Msi) (GPa) 

No.  of  Specimens 

Test  Method 

Reference 

A 

STM  D790,  Method  1 

(316.7)  (2162) 

(7.2J  (49) 

(308.7-322.9) 
(2127-2225) 

4 

(29.01  taao) 

10,9)  (6) 

4 

D  pt,  flexure) 

(175.5)  (1209)* 

(5.4)  (37) 

(173,8-182.9) 
(1197-1260) 

4 

i24,6J  (169) 

10,8)  (6) 

4 

FLEXURE;  90* 

FyU  (ksi  I  (MPa) 

Stnd.Dev. (ksi)  (MPa) 
Range  [Ksi] (MPa) 

No.  of  Specimens 

eJ  (Msi) (GPa) 

Stnd.Dev. (Msi) (GPa) 

No.  of  Specimens 

18,89)  (68) 

(1.51J  (10) 

18,20-11.30) 
CS6-78) 

4 

(1,03)  (7.1) 

(0.11)  (0.8) 

4 

Test  Method 
Reference 


AST*  D790,  Method  1  (3  pt.  flexure) 


'OSRqpovii&B 


%±C/SSO€ 

„  _  -  S-*  mil  MC  Matrix  -  3BB50  33B6 
■HMrimum  Mfted  Teaperaturs  -  350*P(I77*C) 
IBssriih  iranWwff  -  iS-3*  by  wt. 

JSSoer  Oairtent  -  60.lt  by  vol. 
tfclifl  (Ontttent  -  “0 


by  -  *W0 


Sp-  Or-  -  .2.33 

.  Hiy  Sehlctasss  -  0-0064  *»» *» 
Bo-  <of  psrnelo  f  rrai  *fci.ch  qarluin  -« 
in  tM*  t*iO«  —  4 


tested 


HBsitjkneee  of  each  type  apeciaent  Inplane  -  8  pay  2  Tnt»r1, snlnar  -  15  pay 


IBKJUB!  SBEHR 


giTr  y-r 

NB£jXJ&34KHi 

WKsnmEwm 

[ksi]  (MPa) 

(9.86)  (67.9) 

T8-66]  (59.7) 

15.76)  (39. S> 

(3.97]  £23-3) 

Sbnd.Dev. [ksi] (MPa) 

tO. 60]  (4.1) 

[0.29]  (4.0) 

10.42]  (2.9) 

[0-09]  (0-6) 

Ranye  tksil  (MPa) 

18.85  -  10.32] 

[8.26  -  8.98) 

[5.33  -  6.231 

(3.63  -  4-09] 

(60.9  -  71.1) 

(56,9  -  61.9) 

(39.5  -  49.5) 

(26.4  -  28.2) 

Ho.  of  Spec loans 

S 

5 

5 

5 

(Mail  IGPa) 

U.07]  (7,37) 

[0.741  (5.10) 

[0.36)  (2.46) 

[0.14]  (0.96) 

Stnd.Dev.  [Hsi]  (GPi) 

{0. 003)  (0.02) 

[0.06]  (0.41) 

[0.04]  (0.25) 

[0.03]  (0.21) 

’Mo.  of  Speclosn* 

5 

5 

5 

5 

test  Method 

+45*  straight-sided  tension 

Reference 

J.  Ccevosit*  Mtls.  [Pol.  6,  p.  252 

G  V01.  7,  p.  124] 

IWieHLAMIHA*  SHEAR 


ri,tt  [kail (MPa) 

[21.3] 

(147) 

[15.0]  (103) 

[9.1]  (63) 

[8.0]  (55) 

Stud.  Dev-  [Xsi]  (MPa) 

t  0,2} 

(1.4) 

[0.2]  (1.4) 

[0.3]  (2.1) 

[0.4]  (2.8) 

Benge 

[21.1  • 

•  21,7] 

[14.8  -  15,3] 

[B.B  -  9.61 

[7.5  -  8.6] 

(145  - 

130) 

(102  -  105) 

(61  -  66) 

(52  -  59) 

Ho-  of  Spoci sons 

i 

5 

5 

5 

5 

tMt  Method 
Refer  ton 


MtM  D2344 
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Inplane  Shear  Stress-Strain  Curves  for  SiC/5506  Composite  Laminates 
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Figure  35.  Compressive  Stress-Strain  Curves  for  Unidirectional 
Sic/5506  Composite  Laminates  After  Humidity  Aging 
at  160  °F  (71°C)  and  100%  R.H.:  90°  Fiber 

Orientation . 
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TABLE  29 


CREEP  PROPERTIES  OF  SiC/5506  COMPOSITE  LAMINATES 

Caapocite  Material  Properties 


Material  System  -  Sic/5506 
Fiber  -  5.6  ail  SIC  Matrix  -  JW CO  5506 

Maximum  Temperature  Ratio;  -  3S0'F(177*C) 
Resin  Content  -  19-2*  by  vt. 

Fiber  concent  -  5B.0»  by  vol. 
void  content  -  1-1*  by  vol. 

Tast  Method  -  Straight-sided  tension 
Reference  -  ASM  D2290  and  D3039 


Prepray  by  -  AVCO  I  SiC/Eboxv 

Laminate  Sp.  St.  -  2.34 
nominal  Ply  Thicleneie  -  0.0E65  inch 
Ho.  of  panala  from  which  ape  clean*  vara 
tasted  In  tbit  table  -  is 
Thickne**  of  each  typa  specimen, 
(0/+45/9Q).  -  10  ply 
+45*-  8  ply 


C38EKP 

tempera tare 

(0, +45, -45, 0,0, -45, +45. 0,90, 05  *j 

+45* 

72*F(22+C) 

Stress  Level  [kail  (KPe) 

(83.51  (575) 

(13.86)  (95.50) 

creep  Strain,  500  hrl%) 

0.0X21  I 

X  .0280 

Ho.  of  Specimens 

3 

3 

Residual  strength(kai) (HP*) 

(10S.35  (726) 

[16.1-3;  (117) 

Ho.  of  specimen* 

3 

3 

Stress  level  [ksi) (HPa> 

171.6)  (493) 

[12.131  (83.58) 

Creep  Strain,  500  hr(t) 

0.0102 

0.S312 

Ho,  of  Specimens 

2 

3 

Residual  Strength  Usi!  (HP*) 

(102.7)  (708) 

(17.24)  (319) 

Ho.  of  specimen* 

2 

3 

Stress  Level  (kail (HPa) 

(59.6)  (4111 

[10.391  (71.59) 

Creep  Strain,  500  hr(«) 

0.0070 

0.4480 

Ho.  of  Specimens 

3 

3 

Residual  Strength  (kail  (HP*) 

(102.51(706) 

(17.3.''!  (119) 

Ho.  of  Specimens 

3 

3 

2*0*FU27*CJ 

Stress  leva  I ksi]  (HPa) 

(82.0)  (565) 

(8.07)  (55.60) 

Creep  Strain,  500  hr (a) 

0.0313s 

_ 1 

Mo.  of  Specimens 

1 

— 

Residual  Strang  th[k*i]  (HPa) 

(106.61(734) 

(17.861  (123) 

Ho.  of  Specimens 

X 

1 

Stress  Level  (kail (KPa) 

(70.3)  (484) 

15.76)  (39.69) 

Creep  Strain,  500  hr (a) 

0.0X80 

3.2171* 

Mo.  of  Specimens 

i5'7 

2 

Residual  Strength [kail  IMP*) 

1101.41(6*9) 

(15.371  (109) 

Ho.  of  specimen* 

2 

3 

strae*  Laval  (ksi) (MPa) 

(58.6)  (404) 

(5.121  (35.28) 

Cramp  strain,  500  hr(») 

0.0216 

1.32282 

Mo.  of  specimens 

3 

2 

Residual  Strengthlkai] (HP*) 

(105.61(723) 

[16.57]  (111! 

Mo„  of  Spacimans 

3 

3 

3S0*r  (177*0 

Street  Laval  (kali  Offs) 

[60.4]  (416) 

13.17]  (21.84) 

Creep  strain,  500  hr(%) 

0.0674 

_ 3 

No.  of  Spacimans 

i**7 

3 

Residual  Strengthlkai]  (Ml) 

(94.1)  (648) 

Mo.  of  Spacimans 

*> 

0 

Stress  Level  (ksi)  (MPa) 

(1.59)  (10.96) 

Creep  strain,  500  hr (») 

Ho.  of  Spocixfena 

3 

Residual  Etrvogthtkai]  (MPa) 

[15.68]  (108) 

MO.  Of  SpUcilMS 

2 

Stress  Level  Ikall  (MPa) 

(1.19)  (8.20) 

Creep  strain,  500  br(*> 

Mo.  of  Specimens 

3 

Residual  Strengthlkai] (MPa) 

(15.351  (106) 

[Ho.  of  Specimens  j  |  3 

HOTRsi  ^Strain  excaadad  limit*  of  gagss  early  in  teat.  Two  apaciaans  felled  darby  teat . 
train  excaadad  gage  limit  during  teat  on  ana  specimen. 

^Ali  thraa  apacimta*  failad  within  first  tan  minute*. 

'Strain  excaadad  limit*  of  gages  early  in  tast. 

|0aa  specimen  felled  on  loading . 

*5 train  gages  malfunctioned  on  tin  spaclmeoi . 

Strain  gnga  malfunctioned  an  one  specimen . 
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lOiWj 


13.86  k*i 


Composite  Material  Properties 


Material  System  -  SiC/Epory  1  sic/5506 

Fiber  -  5.6  mil  Sic  Matrix  -  AVCO  5506 

Maximum  Temperature  Rating  -  350*F(177°C)  Prepreg  by  -  AVCO 

Resin  Content  -  19.2%  by  vt.  Laminate  Sp.  Gr.  •-  2,34 

Fiber  Content  -  58.0%  by  vol.  Nominal  Ply  Thickness  -  0.0065  inch 

Void  Content  -  1.1%  by  vol.  No.  of  panels  from  which  specimens 

Test  Method  -  Straight-sided  tension  te6te?  in  «»?*  table  '  16 

Reference  -  ASTM  D2290  and  D3039  Th^k/n®^8,  eack  tyP®  spec^en: 

(0/+4S/90)  -  20  ply 

+45  -  8  ply 


STRESS  RUPTURE 


Temperature!  Fiber  Orientation 


(Q, +45, -45, 0,0, -4S, +45,0,90,0). 


72*F  (22*C) 

Stress  Levcl(ksi) (MPa) 

[83.5)  (575) 

[13.86]  (95.50) 

Time  to  Failure(hrs) 

500+ 

500+ 

No.  of  Specimens 

3 

3 

Residual  Strength  [ksi]  (MPa) 

[105. .1)  (726) 

[16.93]  (117) 

No.  of  Specimens 

3 

3 

Stress  Level(ksi) (MPa) 

[71.6]  (493) 

[12.13]  (83.58) 

Tima  to  Failure (hrs) 

500+ 

500+ 

No.  of  Specimens 

3 

3 

Residual  Strengthlksi] (MPe) 

[102.7)  (708) 

[17.24]  (119) 

No.  of  Specimens 

3 

* 

3 

60*F(127*C)  Stress  Level (ksi) (MPa)  [82.0]  [565) 

Tine  to  Failure (hrs)  500+ 

No.  of  Specimens  3 

Residual  StrengthCksi) (MPa)  [106.6]  (734) 

No.  of  Specimens  3 


18-07)  (55.6) 
202+1 
3 

[17-861  (123.1) 
1 


Stress  Level Iksi] (MPa) 

Time  to  Failure  (hrs) 

No.  of  Specimens 
Residual  Strengthlksi] (MPa) 
No.  of  Specimens 


[70.3]  (484) 
500+ 

3 

[101.4)  (699) 
2 


(5.76)  (39.7) 
500+ 

3 

(15.87)  (109.3) 
3 


3SO*F(177’C) 

Stress  Level {ksi) (MPa) 

[60.4]  [416) 

(3.17)  (21.8) 

Time  to  Failure (hrs) 

500+ 

0.08 

No.  of  Specimens 

2 

3 

Residual  Strength  (kail (MPa) 

[94.1]  (648) 

No.  of  Specimens 

Stress  Level [ksi] (MPa) 

Time  to  Fai litre  (hrs) 

No.  of  Specimens 

Itasidual  Strengthlksi]  (MPa) 
No.  of  Specimens 

2 

0 

(1.59)  (11.0) 
346+* 

3 

[15.68]  (108.0) 

2 

^One  specimen  survived  for  500  hrs.  without  failure. 
2tvo  specimens  survived  'or  500  hrs.  without  failure. 
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TABLE  31 

FATIGUE  PROPERTIES  OF  SiC/5506 
COMPOSITE  LAMINATES 


Composite  Material  Properties 


Material  System  -  SiC/5506 

Fiber  -5.6  mil  SiC  Matrix  -  AVCO  5506 
Maximum  Temperature  Rating  -  350*F(177*C) 
Resin  Content  -  19.2%  by  wt. 

Fiber  Content  -  58.1%  by  vol. 

Void  Content  -  1.0%  by  vol. 


Test  Method  -  Straight-aided 
tension 


Reference 


Prepreg  by  -  AVCO  j  SlC/Epoxv _ 

Laminate  Sp.  Gr.  -  2.34 
Nominal  Ply  Thickness  -  0.0066  inch 
No.  of  panels  from  which  specimens  ware  tested 
in  this  table  -  17 
Thickness  of  each  type  specimen: . 

ASTM  P3039  +43*  ~  8  Ply 

0/+45/90  -  20  ply 


TENSILE  FATIGUE,  R”0.1 


Temperature  Fiber  Orientation 

72*F(22*C)  Max.  stress Cksil (MPa) 
Lifetime  (cycles) 

No.  of  Specimens 
Residual  Strength [ksi] (MPa) 
No.  of  Specimens 

Max.  Stress (ksi) (MPa) 
Lifetime  (cycles) 

No.  of  Specimens 
Residual  Strength (ksi) (MPa) 
No.  of  Specimens 

Max.  Stress (ksi)(MPa) 
Lifetime  (cycles) 

No.  of  Specimens 
Residual  Strength (ksi] (MPa) 
Mo.  of  Specimens 

260*F (127*0  Max.  Stress  [kail  (MPa) 
Lifetime  (cycles) 

No.  of  Specimens 
Residual  Strength (ksi] (MPa) 
No.  of  Specimens 

Max.  Stress [ksi] (MPa) 
Lifetime  (cycles) 

No.  of  Speciiiens 
Residual  Strength  (ksi) (MPa) 
No.  of  Specimens 


0/+45/90(1)  0/+45/90 ' 


(12.12)  (63.5) 
3,534 
5 


[9.533  (65.7) 
94,9743 

4 


(7.79]  (53.7) 
2.663.831 

4 


(8.06)  (55.5) 
2,118 
5 


[6.34]  (43.7) 
75,7443 

4 


[77. S)  (534) 
11,644 
5 


[65.6]  (452) 
47S.4393 

4 


(59.6)  (411) 
3,463,243 
5 


170,3]  (484) 
3,110 
5 


(64.5)  (444) 
111.0733 

4 


[58.6]  (404) 
346, 5523 

4 


.31  (574) 
7,2373 


(75.0)  (517) 
114,479 

5 


(62.5)  (431) 
1,895,6813 

4 


Max.  Stress  (ksi)  (MPa)  (5.76]  (39.7) 

Lifetime  (cycles)  I07+ 

No.  of  Specimens  1 

Residual  Strength [ksi J (MPa)  114. 6]  (100) 
No.  of  Specimens  I 


NOTES:  1.  Stacking  sequence  was  (0,  +45,  -45,  0.  0,  -45,  +45,  0,  90,  0)s. 

2.  These  specimens  had  a  0.1935  inch  (0.491  cm)  hole  in  the  center  of  the  test 
section.  Stresses  calculated  using  net  cross-sectional  area. 

3.  Excludes  data  for  one  specimen  from  bad  panel. 
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CYCLES  TO  FAILURE 

Figure  38.  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional  SiC/5506  Composite  Laminates 
+45°  Fiber  Orientation,  R  =  0.10,  10  Hz. 


CYCLES  TO  FAILURE 

Figure  40.  Tensile-Tensile  Fatigue  Behavior  of  Multidirectional  SiC/5506  Composite 
Laminates:  (0,45,-45,0,0,-45,45,0,90,0)8  Fiber  Orientation,  R  ■  0.10, 


TABUS  32 


THERMDPBYSICAL  PROPERTIES  OS’  SiC/5506 
COMPOSITE  LAMINATES 


Coapuite  ItatuLl  Properties 


Material  Syste*  -  SiC/5306 

Fiber  ~  5.6  nil  SiC  Matrix  -  KKO  5506 

Kutima  Ft  : operators  Rating  -  350*F{  177*0 

Renin  Content  -  19.it  by  wfc. 

rlhvx  Content  -  56.4%  by  vol. 

Void  Content  -  1.0%  by  vol. 


StC/Epoxy 


(repng  by  -  AVCD  {_ 

Laminate  Sp.  Cr.  -  2.35 
Average  Ply  Thickness  -  0.0065  inch 
Mo.  of  panels  from  which  specimens  were  tested 
in  this  table  ~  * 


Thickness  of  each  type  specimen: 
Thera.  Exp.  0*6  90*  -  40  ply 
+  45*  -  8  ply 


r  Thera.  Cot  A.  -  40  pi# 


Spec.  Ht.  -  1  ply 
Glass  Trans.  -  8  plies 


WERHOPHySICM.  PROPERTIES:  0* 


-67*F(-55«C) 

72*F(22*C> 

260*F(127*C) 

350*F(177*C) 

Test 

Method 

Thermal  Expansion1 
axtllin/in-*KJ  (pcm/cm-*C) 

Oylyin/in-*Pl  (pcx/ca-*C) 

[1.34]  (2.41: 

[7.89] (14.2) 

[1.56]  (2.81.) 

[9.56]  (17.2) 

[2.011  (3.62) 
[18.8]  (33.9) 

[2.231  [4.32) 
[37.8]  [68.1) 

TMA2 

Ho.  of  Specimens  per 
direction 

3 

3 

3 

3 

Specific  Heat 

Cplbtu/lb.  -*F]  (JAg-*C) 

[0-186) <778) 

[0.221]  (924) 

[0.279]  (1170) 

[0.3091(1292: 

DSC3 

Ho.  of  Specie  ms 

3 

3 

3 

3 

Thermal  Conductivity1 
k  Ibtu-f t/f ta-hr-*F) 
(W/re-'C) 

Ho.  of  Specimens 

[0.512] 

(0.885) 

2 

[0.572] 

(0.990) 

2 

[0.621] 

(1.074) 

2 

[0.615] 

(1.064) 

_  2  ..  . 

Ccrparativa 

Glass  Transition  Temp. 

Dry  l*Pl(*C) 

Hat  (*pj;*cj? 

[394J  (20!) 

[293]  (145) 

4  1 

_ I 

THERHOPHTSICAL  PROPERTIES-.  v45* 

Thermal  Expansion1 

[pin/ An- *F]  (pcn/ca-'C) 

No.  of  Speciaens  prr 
direction 

Thermal  Conductivity1 
k  [btu-f t/f ta-hr- *F] 
(M/a-*C) 

Ho.  of  spec- mans 

[2.831  (5.10) 

3 

[3.33]  (6.00) 

3 

[3.52)  (6.33) 

3 

[4.07]  (7.33[ 

3 

TMA2 

MOTES :  1.  On  th?  unidirectionally  reinforced  specimens,  the  x-direction  is  along  the  fiber 
axis,  the  y-direction  is  t-rross  the  iiber  axis,  and  the  x-direction  is  through 
the  thickness  (identical  to  the  y-direction) .  On  +45*  bidirectionally  reinforced 
specimens,  the  x  and  y  directions  are  identical  and  oriented  at  45*  to  either 
fiber  direction,  while  the  z-direction  is  through  the  thickness. 

2.  Thecxo-Kechaiiical  Analysis. 

3.  Differential  Scanning  Calorimetry. 

4.  Dynamic  Mechanical  Analysis. 

'  eciaen  humidity  aged  to  saturation  at  160*F  (71*c>  and  1005  R.H.  prior  to  testing. 


4 . 3  HyE  2034D 

This  graphite/epoxy  system  consists  of  a  pitch-based 
graphite  fiber  (VSC-32)  from  Union  Carbide  in  Fiberite's  934 
epoxy  resin  system.  The  fiber  has  nominal  tensile  properties 
of  300  ksi  (2067  MPa)  strength,  75x10^  psi  {517  GPa)  modulus 
and  0.4%  elongation  with  a  specific  gravity  of  2.05.  It  was 
given  a  finish  treatment  by  Union  Carbide  to  enhance  its 
interfacial  bonding  to  epoxy  resins.  The  resin  is  a  359°F 
(177 °C)  curing  epoxy  system. 

Tables  33  through  46  present  the  data  generated  for  this 
graph! te/epoxy  system.  Figures  41  through  57  illustrate  the 
stress-strain,  fatigue,  and  creep  behavior  of  the  material 
as  well  as  the  effects  of  humidity  aging  upon  selected  composite 
properties.  In  addition  a  preliminary  data  sheet,  distributed 
by  Fiber! te,  is  presented  at  the  end  of  the  section  with  a  few 
selected  property  values  generated  by  various  sources. 

While  the  high  modulus  of  the  VSC-32  fiber  is  reflected 
in  the  composite  properties,  the  static  strength  levels  exhibited 
by  this  system  are  uniformly  lower,  and  in  most  cases  substan¬ 
tially  lower,  than  those  exhibited. by  the  other  five  systems 
tested.  This  is  probably  due  to  a  reduced  level  of  interfacial 
fiber-to-resin  bonding.  The  pitch  based  graphite  reinforcing 
fiber  in  this  system  was  given  a  finish  treatment  to  enhance 
its  bondability  to  the  matrix  resin  but  the  treatment  still 
does  not  appear  to  be  capable  of  providing  the  level  of  inter¬ 
facial  bond  strength  which  is  achieved  with  the  nominal  30  Msi 
(207  GPa)  modulus  PAN  based  graphite  fibers  used  in  the  other 
systems  (Thornel  300  or  G-160) . 
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TABLE  33 

PROCESSING  CONDITIONS  FOR  HyE2034D  COMPOSITES 


Composite  Processing  Information 

Material  System  -  HyE  2034D 

Fiber  -  VSC-32  Matrix  -  934 

Maximum  Rated  Temperature  -  3S0°F  (1778C)  Prepre 

-JiHG/gPOxy _ 

g  by  -Fiberite 

Laminate  Processing  Schedule 


!  Layup  Procedure:  The  prepreg  was  stored  in  a  closed  wrapper  at  0°P  (-10 °C) . 
Prepreg  was  warmed  to  room  temperature  before  removal  from  wrapper  to  prevent 
moisture  condensation  on  prepreg.  Plies  were  cut  to  desired  size  with  razor 
knife  and  stacked  in  desired  sequence  (release  paper  removed  from  each  ply) . 
The  stack  was  placed  in  the  autoclave  according  to  the  layup  system  illust¬ 
rated  in  Figure  41.  The  corprene  edge  dam  serves  to  restrict  fiber  flow. 


Cure  Schedule:  Apply  full  vacuum  and  hold  for  1/2  hour  at  room  temperature. 
Heat  to  250°F  at  a  rate  of  2-5°F/min.  When  temperature  has  reached  250*F 
apply  100  psi  above  bladder  (while  retaining  vacuum) .  Hold  at  250°F  for 
45  minutes  then  heat  to  350°F  at  a  rate  of  2-5°F/min.  Hold  at  350°F  for 
2  hours  then  cool  to  15Q°F  at  2,-5°F/min.  Release  pressure  when  temperature 
has  reached  150°F,  then  release  vacuum  and  remove  panel  from  autoclave. 


Postcure  Schedule:  None. 
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r  HyE2 


TABLE  34 

PREPREG  AND  COMPOSITE  PHYSICAL  PROPERTIES 


Composite  Physical  Property  Information 


Material  System  -  fjyE  2G34D 
Fiber  -  VSC-32  Matrix  -  934 
Maximum  Rated  Temperature  -  350“F(i77oC) 


HMG/Epoxy 

Prepreg  by  -  Fiberite 


Prepreg  Physical  Properties 


(Property) 


Volatile  Content- 0.67%  by  wt.  0.04%  0.62-0.69  QCI 

Resin  Contc-nt-  39.2%  by  wt.  0-9%  38.3-40.2 

Kesin  Flow-  22.4%  by  wt.  —  -  QCI 

Gel  Time  -  12.45  min  0.20  min  12. 23-12. 63min 

No.  of  Rolls  Involved  -  1 
No.  of  Batches  Involved  -  1 


(Stnd.Dev.)  (Range)  (Test  Method) 
t.  0.04%  0.62-0.69  QCI-C-V-14 

0.9%  38.3-40.2  R15 

-  QCI-C-F-42 


(Ref.) 

Fiberite 

Fiberite 

Fiberite 

Fiberite 


Laminate  Physical  Properties*- 


(Stnd.Dev.) 

No.  of  Panels-  33 

Fiber  Content-  68.0%  by  vol.  1.5% 

Resin  Content-  24.5%  by  wt.  1.0% 

Void  Content-  'v  0 
Laminate  Sp.  Gr.-  1-80 

Fiber  Sp.  Gr.-  2.00  As  re 

Matrix  Sp.  Gr.-  1.30  As  re 

Thickness  per  ply-  0.0049  inch 


(Range)  (Test  Method)  (Ref.) 


5%  62.9-70.1%?  Acid  Digestion 
3%  23-0-27. 0%4  AFML-TR-6 7-243 

*  D2734  ASTM 

0792  ASTM 

As  reported  by  Fiberite. 

As  reported  by  Fiberite. 


^The  properties  reported  here  represent  averages  for  all  panels  of  this 
material  used  throughout  the  program. 
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HPLC  ANALYSIS 

SAMPLE  (CONC.}_  SAMPLE 

MOStLE  PHASE  MOBILE  PHASE  2.k?5p£C--„ 

FLOW  RATE _ &£?&*!*. _ PROGIMM.  <**•?_&. _ , 

COLUMNS) _ OOS _ DETECT  DR_  _T_L^lJ5CL® 

ATTENUATtO.T _ 3?sr_. . WAVE  LENGTH.. 

•CHART  SPEED _ C[j:5.!!^S£?L_  FULL  SCALE  (ir.V)  3-°**^ 

DATE,  jj*g*g**jL  y>  Yt  OPERATOR _ _ 


ewirfAmtATtos  of  Acerb+>rrX*t-* 

i  ??  V  *  ^  V 

^ - T- - X - * - L - I - - 


c 

*s  •?  I 

"•> - ~n - ^ 


EHD  OF  RUH  12:17:44 


HOV-2 1'* 


ii:54 


Figure  42.  HPLC  Analysis  of  Fiberite  934  Epoxy  Resin. 
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HPLC  ANALYSIS 


SAMPLE  {CONC.jBtt^W^V—-  SI2E..t?.t3^i!? _ 

MOBILE  phase  ...  Moau  phase 

FLOV,'  _ PRCSRAM..  O. _ 

COLUMN(SJ...OPS. _ DETECTOR.  . 

ATTENUATION. _ _ WAVE  LENGTH 

CWI^T  _  fULL  SCALE  {niVJ_„jLO_rW__ 

i  — OP£WTOR..,JC*60ft; _ 


Ti&MT 


o 

2sO  H,/*> 

\~i  A1/aj 


u>t\  TVtZ  7  c% 

/*% 

\~i  ai/aj  „  .  ✓/ 

cc/JCOJTiM-7to<d  t>t  Ateiru^ iT£u£  (,  /*  J  *  ** 


Acert) 


INJECT  l5:20tSG 


<«<;•■'- i  j.5 .  *£. 

Figure  43.  HPLC  Analysis  of  Benzaldehyde . 
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TABLE  35 

TENSILE  PROPERTIES  OF  HVE2034D  COMPOSITE  LAMINATES 


KAtctiAl  Pinjiortie® 


^.iteriol  Tyr.U  3*  -  JfyK  20340  pr<spire«f  by  -  Fibarifc*  j 

-  ■  j  _  vt" .  I'i  .  r.  ttrix  **  914  1 

..  _  .  .  „  Uttiiuto  sp.  Or.  -  1.81 

M’.iinun  Hated  rLr.«.-*-4turc  -  {HTC)  ..  .  ,  .  *  , 

«  ...  .  ^  _  Nominal  Ply  Thickness  - 

Content  -  -  J -•*»  by  wt  ♦  „  _  ,  , 

VHMt  Content  -  63.94  by  vcl.  "?■  «?.*»“»*  U°?  -blCh  5 

V,u.»  ObUmC  -  «  “  0,15  "  * 

Thickness  of  each  lyiw  speeiAiftt  0*  -  6  ply  j  90*  -  13  ply 

0049  inch 

p«ciMftc  uor«  tvs  tad 

suxi.Dev.  CStsi!  C:tTa) 
SL\n<j<s  {ksU  (r.PA> 

No.  of  Specimen* 


67*p{-S$*C) 


1X22.3}  (842} 

l»*2!  <200 
(90.7-1 57.0} 
(825-1032) 

5 


TENSION;  0* 


(108.  SJ  (724) 

(23.8)  (233) 
(72-1-151.61 
(457-1044) 

5 


{123.  $)  1920) 

{26-71  (184) 
(96.5-167.31 
(€65-1153) 

5 


)5Q*r(177  C) 


(135*0}  (930) 

(26*1|  (180) 
(130.0-165*0) 

(896-1X37) 

$ 


r/1  («t*\Hr»a) 

!5».  of  Specimens 


(122.3)  (843) 

(29.2)  (201) 

5 


(106.5)  (734) 

(33.8)  (233) 

5 


(133-5)  (920) 

(26.71  (184) 

5 


(133.0)  (930) 

(26.1)  (180) 
5 


Stntf.Dev.  (Hsi)  (CPal 

No.  of  Specimen* 


1S5.9)  (385) 

110.6)  (73) 

5 


(44  *  5)  (307) 

(3.1)  (2D 
S 


(48.4)  (333) 

(3.21  (22) 

5 


(48.71  (336) 

U»3]  (26) 

5 


I  e  (pin/in)  (pca/c:*) 

| 

I  Stmi.Dcv. 
to.  of  Specimens 

t 

v*y 

.  Stnrt .  Dev. 

No.  of  Specimens 

rest  Jtatbod 
Reference 


Stftd.0«v.  (kail 
F-*inyc 

Mo.  of  Specimen* 


Stnd.Dev.  (ksi ) 
to.  of  Gp^civ^ns 

Ry 

Sind  .  f>ev  .  IK  si  )  Ki*a  ) 
|  ^!o .  of  Specitvins 


Lind.  IV’v . 

to.  of  Specie**!*? 


V* 

Lind.  Dev. 

to.  of  S;*cCi»^na 


Straight-sided  twsion 
XSTH  03039 


TtKSIOMi  90* 


J2.19)  (15.1) 

(3.071  (14.3) 

(1.731  (11.9) 

(1.471  <10.11 

(0-52)  (3.6) 

10.241  (1.7) 

(0.38)  (2.6) 

10-321  (2.2) 

(1.50-2. OBI 

(1.81-2*341 

(1.24-2.21) 

(0.91-1.921 

ua.7-is.s> 

(12. 5-16. n 

(0.5-15. 2) 

(6.3-13.2) 

5 

5 

5 

j 

9 

(2.19)  (15.1) 

(2.07)  (14.3) 

f 

(1.73)  (11.9) 

(0.971  (6.7) 

[0.521  (1.6) 

(0.241  (1.7) 

[0.3*1  (2.6) 

(0-27  (  (1.9) 

5 

5 

5 

10 

(0.521  (6.3) 

to. *7]  (0.0) 

(0.79)  (5.4) 

10.961  (6.8) 

(0.101  (0.71 

(0.031  (0.21 

(0.011  CO. 07) 

(0.1*1  (1.2) 

5 

5 

3 

10 

2260 

2360 

2220 

1844 

490 

297 

507 

436 

5 

5 

S 

1 

o.oos1 

0.0041 

0.0051 

0.0061 

... 

— 

«... 

— 

— 

ScrAi<|ht*ui*lcd  tension 

vrrp.  1U0J9 


TOi.U  “•■UVfMl 
p.-  f  ,'rctl 


LZotyut*  d  uaing  elastic  Moduli  ond  longitudinal  5*«»(s?;vn  n  ratio 


STRAIN*  IN/IN) 


Figure  44  .  Tensile  Stress-Strain  Curves  for  Unidirectional 
HyE  2G34D  Composite  Laminates :  0°  Fiber 

Orientation. 
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TABLE  36 


TENSILE  PROPERTIES  OF  HyE2034D  COMPOSITE  LAMINATES 


Composite  Materiel  5‘ropertieo 


Material  System  -  ltyli  2Q34D 
Filter  -  VSC-32  Matrix  -  934 

Maximum  Mated  Temperature  -  3SO*F(17V*Cj 
Resin  Conic r>t  -  24.03  by  wt. 

Fiber  Content  -  67.91  by  vol . 

Void  Content  -  to 


JIMC/R.poxy 


Vrepveg  by  -  Fiber ite 

Laminate  Sp.  Gr.  -  1.00 
nominal  riy  Thickness  -0.0051  inch 
•Jo.  of  ponds  from  whifch  specimens  v>ero  tested 
in  this  table  -  jo 
Thickness  of  specimen  -  0  ply 


TENSION:  +45* 


-67*F(-55‘C) 

72*K(22*C) 

~~2&osFTT5'Prcl - 

350*F  (177*0 

(ksi](KPa) 

111.061  (81.7) 

(10.85)  (74.8) 

(9.39)  (64.7) 

(8.76)  (60.4) 

Sind. Dev,  (kei)  (Kt'o) 

(0.461  (3.2) 

[  0.351  {  2.4) 

D.291  (  2.0) 

(0.34)  (2.3) 

Range  lhsi)(MP4) 

I11.34-12.45J 

(10.29-11.10) 

IB. 95-9. 75) 

(8.42-9.13) 

(78.1-85.8) 

(70.9-77.0) 

(61.7-67.2) 

(50.0-62.9) 

No.  of  Specimens 

5 

S 

5 

5 

F*pl  (ksi) (MPa) 

(4.26)  (29.4) 

(4. S3]  (31.6) 

(3.501  (24.1) 

(2.95)  (20.3) 

Stnd. Dev. IksiJ (MPa) 

(0.38)  (2.6) 

(0.34)  (  2.3) 

(1.03)  (  7.1) 

(0.39)  (2.7) 

No.  of  Specimens 

5 

5 

5 

5 

F>  (  Ms  i  J  (GPa) 

[ 3 . SO }  (24.1) 

(2.74)  (18.9) 

(2.23)  (15.4) 

(2.41)  (16.6) 

Stnd. Dev. (Ksi) (OP a ) 

(0.11)  (0.8) 

(0.07)  (  0.5) 

(0.S1)  (  3.5) 

10.30]  (2.1) 

Ho.  of  Specimens 

S 

5 

5 

5 

C*U  (Win/in]  (pcio/cra: 

4500 

5780 

6390 

7680 

Stnd.  Dev. 

480 

640 

1480 

950 

No.  of  Specimens 

S 

5 

5 

5 

v* 

xy 

0.74 

0.07 

0.85 

0.96 

Stnd.  Dev. 

0.04 

0.12 

0.11 

0.14 

No.  of  Specimens 

5 

5 

5 

5 

Test  Method 

Reference 

ASIM  D3039 
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TABLE  3? 

TENSILE  PROPERTIES  OF  HyE2034D  COMPOSITE  LAMINATES 


CowtoGiU:  fttierial  I'n^tUea 


f!»i  lt»i*  i  ;i  t  Nyt.tcm  - 

IlyP.  20340 

Pscprvg  by  -  Fiberito 

IWG/lipoxy 

Fi U*r  -  V SC-12 

Matrix  -  934 

;<uxiDiur.)  TvtMjKrfOtuta  -  i77*C5 

F*;vi«  CftftUMit  -  24*3\  by  vt. 

Fiber  Content  *  67v7\  by  <K»i, 

Void  Cfti>U:nt  -  *0 

ntiCkw,'i!V  of  each  type  spec i tat: fit  20  oly 


i.-miikatc  up.  r,r, 

Nominal  ply  Tlilcbix.’us  -  0.0049  inch 
Ito.  of  panels;  Cron  which  i>pcc»«*^ns  wore  tooted 
in  this  tabic  -  * 


.  0,  -4S,  *-45,  0 

i.  90,  0), 

(75.01  (522) 

S83.8)  (577) 

_ 222Z.KJJJJ- 

[82.81  (570) 

(0.1)  (56) 

(3.31  (231 

(0.7)  (60) 

(65,7-83,0) 

(80.4-88.2)  i 

(71.4-90.81 

(4S3-S72I 

(554-600) 

(492-626) 

5 

s 

s 

(67,11  (462) 

(03.8!  (577) 

182.8)  (570) 

17.91  (54) 

(3.3)  (23) 

C8.7)  (60) 

5 

5 

s 

(28.41  (196) 

(26.71  (164) 

128.0)  (193) 

(1.7)  (12) 

(1.1)  (8) 

(3.9)  (27) 

S 

5 

5 

2725 

3100 

2720 

320 

360 

190 

5 

3 

5 

0.415 

0.400 

0.382 

— 

0.044 

0.071 

1 

5 

5 

TfcUSXOHi  (0.  *45,  -45.  0, 


f*tt  tksllHu*.) 
stnd.Dov.  (ksi  |  (m>«) 
Ran?.  IksiJ(nPa) 

Ho.  of  Specimen. 


Ptpl 


lk*i){W>a) 


Stud. tier.  (ksiUHFa) 
Ko.  of  SfKiC.menl 

K*  lH*U(CP«> 

Stnd.Dev,  (mi)  (GPa) 
Ho.  of  Spec i non* 

c‘°  Uiln/1>-1  IlM/ai) 

Stnd.D**. 

Ho.  of  Spacloens 


Stnd.  0*v. 

Ko.  SMcilUl 

Ta*v  Method 
JUfjrtnc 


-67‘K{-S!,*C> 


AETM  03039 


WHSXOHl  <0,  +45,  -45, 


0,  0,  -4S,  +4S,  0,  90,  0),  with  0-1935  Inch  {0.491  c a! 
. —  —  _ _ _ _ _ _ .  not. _ 


rj  (k*i) (kp.) 

Stnd  Do».  (tiiJ(flPa) 
San 9* 

Ko.  of  Spcclmni 


,*Pl 


Ik.iJ (MP«) 


Stnd.Dev. (kxi) (HP.) 
Ho.  of  Spocimni 

tj  (mi)  (CP*) 

Stnd.Dov. (Msi)  (CP*1 
Ko.  of  Specimens 

t*U  lyln/ii  )  (Ucm/ce) 

strvd.  oev. 

Ko.  of  Specimens 


yx 

Sind.  f«iv. 

Ko .  of  SivciMons 

|  r.  I't  JVt  l*vd 
!  ti.'fyiviiwg  _ 


(64. 7  J  1440 

(2.3)  tlO 
(61. 2-47,11 
(422-462) 

S 


Figure  47.  Tensile  Stress-Strain  Curves  for  Multidirectional 

HyE  2034D  Composite  Laminates:  (0,45,-45,0,0,-45,45, 
0,90,0) s  Fiber  Orientation. 


118 


TABLE  38 

COMPRESSIVE  PROPERTIES  OP  HyE2G34D  COMPOSITE  LAMINATES 


Material  System  -  HyE  2031D 
Fiber  -  VSC-32  Matrix  -  934 
r'.aximaa  Sated  Temperature  -  350 
Rosin  Content  -  23.7%  by  Vt. 
Fiber  Content  -  69.1%  by  *al- 
Void  Content  -  4,  0 


Composite  Material  Properties 


*r(17T*C) 


Frepreg  by 


-  Fiber!  te 


SMU/Epojcy 


Laminate  Sp.  Cr.  -1.81 

Nominal  Ply  Thickness  -0.0048  inch 

Me.  of  panels  from  which  specimens  were  tested 


in  this  table  -  2 


Thickness  of  each  type  specimen t  0*  -  20  ply  ,  go*  -  20  ply 


OS®R£SSIOH:  0* 


"h&7*V(-S5*C> 

72*F(22*C) 

260*rfl27°C) 

3So»f(i77*c5 

F™  [It sil  {MPa) 

153. Bl]  (371) 

[48.51]  (334) 

[42.001  (289) 

[42.031  £290) 

Stnd.Dev. [ksi] (MPa) 

[5.69!  (39) 

[S.711  (39) 

[6.631  (46) 

[6 .95]  (48) 

Range  [csi }  (KFa) 

[45. S7  -  61.24] 

[41.91  -  55  -  56] 

[31.16  -  48.001 

[32.21  -  48.53] 

<31€  -  422) 

(289  -  383) 

(215  -  331) 

1222  -  3343 

No.  of  Specimens 

5 

S 

5 

4 

F*Pi  [ksi] (Mpa) 

[35.66]  (246) 

[25.77]  (178) 

[22.751  (157) 

[2S.27]  (1743 

Stnd.Dev. [ksi] (MPa) 

[6.28]  (43) 

[12.81]  (88) 

[9.73]  (67) 

[8.08]  (56) 

No.  of  Specimens 

5 

5 

5 

4 

Ec  [Msi)  (GPa) 

[37.031  (255) 

[45.90]  (316) 

[44.29]  (305) 

[43.42]  (299) 

Stnd.Dev. [Msi] (GPa' 

[3.701  C2S) 

£10.67]  (74) 

[7.77]  (54) 

[8.42)  (58) 

No.  of  Specimens 

5 

5 

5 

5 

t£u  (pin/in)  (y cm/cm) 

1740 

1300 

1 

1320 

1180 

Stnd.  Dev. 

230 

290 

240 

50 

No.  of  Specimens 

5 

5 

5 

« 

Test  Method 

ASTM  D3410 

Reference 

COMPRESSION:  90* 

C1  [ksi]  (MPa) 

[19.08]  (131) 

[17.55]  (121) 

113.05)  (90) 

[11.49]  (79) 

Stnd.Dev. (Xsi) (MPa) 

[2.67]  (18) 

[3.301  (23) 

[1.131  (8) 

[1.58]  (11) 

Range 

[15.12-20.881 

(15.07-22.38) 

[12.08-14.69] 

[8. 75-17. SOI 

(104  -  144) 

(104  -  154) 

(83  -  101) 

(60  -  86) 

No.  of  Specimens 

4 

4 

5 

5 

F~pl  [ksi J( MPa) 

[6.761  (47) 

[3.171  (22) 

[6.58]  (45) 

[2.191  (15) 

Stnd.Dev.  (ksi)  (MPa) 

(6.033  (41) 

[2.44]  (17) 

[5.24]  (36) 

[1.391  (10) 

No.  of  Specimens 

4 

4 

5 

5 

[Ksi]  (GPa) 

(1.76)  (12) 

[1.621  (11) 

(1.14)  (8) 

[0.92]  (6) 

Stnd.Dev.  [Msi)  (GPa! 

(0.781  (5) 

[0.24)  (2) 

[0.26]  (2) 

[0.12)  (1) 

i'tO  ■  Ol  Spt.'CllAGua 

4 

4 

5 

5 

[pin/in]  (pem/era) 

19,980 

35,950 

13,880 

25,040 

Send.  Dev. 

1,540 

12,220 

3,970 

5,250 

No.  of  Specimens 

4 

4 

5 

5 

Test  Method 
Reference 


ASTH  03410 


STRESS(ksi) 


60 


Figure  4a  Compressive  Stress-Strain  Curves  for  Unidirectional 

HyE  2034D  Composite  Laminates:  0°  Fiber  Orientation. 
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TABLE  39 

FLEXURAL  PROPERTIES  OF  HyE2034D  COMPOSITE  LAMINATES 


Composite  Material  Properties 

Material  System  -  llyK 

3034D 

Preprog  by  -  Fibcrite 

HMG/Epoxy 

Tiber  -  VSC-32  Matrix  -  934 

Laminate  St>. 

Gr.  -  1.82 

Maximum  Rated  Temperature  -  350'F ( 177°C) 

Nominal  Ply  Thickness 

cn 

«c* 

O 

O 

o 

1 

inch 

Kesin  Content  -  23.4% 

by  wt. 

No.  of  panels 

from  which  specimens  were  tested  I 

Fiber  Content  -  69.0% 

by  vol . 

in  this  tabic  -  1 

Void  Content  -  'U) 

Thickness  of  each  type 

specimen:  0°  -  14  ply  j  90*  -  14  ply 

FLEXURE;  0* 

-67*F(-55“C) 

—  in  ii  hit 

260“F  (127°C1  i 

350**F  (177*0 _ 

F*a  [ksi]  (MPa) 

(86. 9]  (599! 

[90.2]  (621) 

[66.6] 

(459) 

[66.9]  (461) 

Stnd.Dav.  [ksi]  U-JPa) 

[17.11  (118) 

(  1.91  (13.1) 

[  2.5) 

(17-2) 

[  3.0}  (21.0) 

Range  [ksi] (MPa) 

[62.2-107.1! 

[87.4-91.9] 

[62.8-69.0] 

[63.3-70-0] 

(429-738) 

(602-633) 

(433-475) 

(436-482) 

Ho.  of  Specimens 

5 

5 

5 

5 

E*  [Msi  ]  (GPa) 

[35.3]  (243) 

[41,6]  (287) 

137,5] 

(258) 

140,3]  (270) 

Stnd.Dev.  [Msi]  (SPa) 

(10.91  (  75) 

[  1.61  (11.0) 

l  9.5] 

(65,5) 

I  3.0}  (21.0) 

Ho.  of  Specimens 

S 

5 

5 

5 

Test  Method 

4  pt.  flexure 

l  Corresponds  to  ASTM  D790  except  for 

Reference 

Design  Guido,  Jan-  1971  loading  points  and  loading  speed.  f 

FLEXURE;  90* 

F*u  [ksi]  (MPa) 

[5.57]  (38.4) 

15,30]  (36.5) 

(3.67] 

(25.3) 

(2,80]  (19,3) 

Stnd.Dev. [ksi] (MPa) 

[0.193  (1.3) 

[0,37]  (2,54) 

(0.17]  (1,17) 

10.27}  (1.5) 

Range  [ksi]  (Mt'a) 

[5.28-5,75] 

[4.80-5.72] 

[3,38-3.78] 

[2.51-3.20] 

(36,4-39.6) 

(33,1-39,4) 

(23.3-26.0) 

(17.3-22.0) 

Mo.  of  Specimens 

5 

5 

5 

5 

Ef  (Msi]  (G?a) 

[1.07]  (7,4) 

[1.09]  (7.5) 

[0.90] 

(6.2) 

(0.77)  (5.3) 

y 

Stnd.Dev*  (MsiJ  (Gt>a) 

[0.04 ]  (0.3) 

(0.06]  (0.4) 

(0.04) 

(0.3) 

[0.02]  [1. 5) 

No.  of  Specimens 

5 

5 

5 

5 

Test  Method 
Reference 


4  pt.  flexure  ,  Corresponds  to  ASTH  D790  except  for 

Design  Guido,  Jan.  1971  '  loading  points  and  loading  speed. 


TABLE  40 

SHEAR  PROPERTIES  OF  HyE2034D  COMPOSITE.  LAMIRATSS 


Composite  Material  pyopevtios 

Material:  System  -  M8K  20CWO 

Prcprag  by  ~  FStortfia; 

Fiber  -  VSC-32  Ka&sri*  -  Wt 

Maximuia  Rated  Temperature  —  35G*Pf  I77*C1 
Resin  Content  -  24.9%  by  wt. 

Fiber  Content  -  62.91  by  Wi. 

Void  Content.  -  v  0 

■ 

_ 

Ljminat.o  Sp.  Or-—  1-3L 

Nominal  Ply  Thiciincas  -  ®-004ffi  inch 

No.  of  panels  front' which  specimens;  were  tested 
in  this  tabie.  -  11 

Thickness  of  each  typo 

specimens  -  Inplana  -  8  ply  j  Interlaminar.  —  US  P%) 

INPLANE  SHEAR 

-63?*F(-SS*C> 

724F(22*C) 

260*F(12?*C>. 

fl-.sl]  (MPa) 

(5-931  (40  .9) 

IS. 43)  (37.4) 

(4 .69}  (32.37) 

t:4L3a4)  (301-2)' 

Stnd.Dev.  (ksi)(OTa} 

(0-231  (1.6) 

10.171  (1.2) 

(0.141  (X.fl» 

(OL1711  (0L3) 

Range  [ltsi)(i4Pa) 

IS- 67-6. 221 

IS. 14-5.59] 

(4 .48-4  .8B8i 

:  (4V2r-41-503', 

(39.1-42.9! 

(35. 4-38. S) 

(30.9-33-6) 

(33).  8-31. 49; 

No.  of  Specimen* 

5 

5 

5 

Si 

G*y  (MsifCIEBsO 

(1-071  (7.4) 

(0.73)  (5.0) 

(0.66)  (4-5) 

;  (D'.fiDl)  W-21) 

Stnd.Dev. (Msi) (GPa) 

(0-14]  (1.0) 

[0.06]  (0.4) 

10.02)  (0.0)) 

(0)1.04)!  (OL-39) 

NO.  of  Specimens 

5 

5 

5 

5) 

Test  Method 

Reference 

ASTH 

D358 

INTERLAMINAR  SHEAR 

Fis'1  Iksil  (MFu) 

(8. 09]  (55.7) 

(7.18J  (49.5) 

(6.48)  (44.6); 

(5-834!  (400.23) 

Stnd.Dev.  (ksi]  (MPa) 

(0.59]  (4.1) 

(0.461  (3.2) 

(0.48)  (3.3) 

[0<.26i;  (1.8)1 

Range 

(7.51-9.06) 

(6.45-7 .85} 

(6.04-7.12) 

(3^40^-174! 

(51.7-62.4) 

(44.4-54.1) 

£41.6-49.1} 

!  (37/., 7-42.3)? 

No.  of  Specimens 

5 

10 

5 

£■ 

Test  Method 

Short  Beam  Shear  4:1 

Reference 

Advanced  Composite  Design  Guide  —  Jfcnw 

isBm 

ZQZ 


3.001  *aturation  at  aging  condition*. 
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Tiguue  51  Tensile  Stress-Strain  Curves  for  Unidirectional 

HyE  2034D  Composite  Laminates  After  Humidity  Aging 
at  160°F  (71°C)  and  100%  R.H.:  90°  Fiber 

Orientation. 
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HyE  2034D  Composite  Laminates  After  Humidity  Aging 
at  160°F  (71°C)  and  100%  it.H.:  90*  Fiber 
Orientation. 


TABLE  42 


TENSILE  CREEP  PROPERTIES  OF  HyE2034D 
COMPOSITE  LAMINATES 


Cutttj*oi;ltu  H.it»;ri«ll 


t’atnrial  Syotu*  -  ilyii  20341) 

Fiber  -  VSC-32  HUU :i*  -  034 

Maximum  t'cwiKJritturQ  luting  -  350*K(1.77*C) 
Resin  Content  -  23.3%  by  vt. 

Vibnr  CVmt.ont  -  67.0%  by  vol. 

Void  Content  -  *  0 

Tost.  Method  -  Straight-cidad  tension 
litiioronfio  -  ASM  D2230  And  D3Q39 


Prejm-y  by  -  j  HHG/jT poxy  . 

ham iitatu  }J|»*  Cr.  -  1.60 
Komi  uni  V)y  Thickuejiy  -  0.0050  inch 
Ho.  of  jumuln  from  whiuh  ^pucimtmu  weru 
tuut.oU  in  thin  twblu  ~  Id 
Thickimcu  of  each  typo  specimen! 
(0/4-45/90)  -  20  ply 
~  +45*  -  8  ply 


CRSSP 

Tempo rat uro 

+45* 

72*F (22*0) 

Stress  Lcv«l  (k*i){KPa) 

(60.7)  (418) 

[8 .66)  (59.8) 

Creep  Strain,  500  hr(%) 

0 .0033  e  191  h*a3 

0.1182 

Ho.  of  Specimens 

3 

3 

Residual  Strvngthfksi) (MPa) 

17. .91  (529) 

111.24) (77.4) 

no.  of  specimens 

3 

J 

Strosa  Uwl  (kill  (HP.) 

(53.11  (366) 

17.301  (50.3) 

creep  Strain,  500  hrt%) 

0.0071 

0.0998 

Ho.  of  Specimen* 

3 

3 

ftasiducl  Str#ngth{k*iJ (MPa) 
No.  of  specimen* 

(75.5)  (520) 

2 

(11.30^(77.9) 

Stxu.  Lav.l  (kal]  (KM) 

(4S.S1  (312) 

(5.431  (37.4) 

Creep  Strain,  500  hr  (4) 

mO 

0.0605 

No-  of  Specimens 

3 

3 

Raaidu*!  str«nj*h(kai]  (HP.) 

177.4)  (533) 

[11.311  (70.1) 

HO-  Of  Specimens 

3 

3 

260T  (127*0 

Stress  Laval  (ksi?,  (MPa) 

—  “ — -  1  ‘  - —  ~ 

(60.0)  (413) 

(6.571  (45.3) 

Creep  Strain,  500  hr(%) 

0.0034  0  7  h»‘ 

0.2981  •  135  hr.1 

Ho.  of  SpaciasArji 

3 

.  3 

Residual  Strang thlksil  (MPs) 

— 

111.12)  (76.6) 

Ho.  of  Specimens 

0 

2 

St rm  Lev.1  (kail  (HP.) 

(50.0)  (345) 

(5.61)  (38.8) 

Creep  Strain,  500  hr(%) 

-0.00884 

0.2154 

Ho.  of  Specimen* 

3 

3 

Residual  strength  Ucsi] (MPa) 

177.0)  (531) 

(11.97)  (82.5) 

Ho.  Of  Specimens 

3 

3 

S trass  Level  (k*i) (MPa) 

140.0)  1276) 

(4.70]  (32.4) 

Creep  Strain,  500  hr(%) 

-O.OQM*1 

0.1419 

He.  of  Specimen* 

3 

3 

Residual  Strength(ksi) (KPa) 

[00. 4)  (554) 

(12.77)  (  .0) 

Ho^  of  ‘  Specimens 

3 

3 

3S0*F  <177*0 

Str.aa  L.v.1  tk.ij  (HP.) 

166.2)  (456) 

(5-25)  (36.2) , 

Craap  Strain,  500  hr(%) 

0.0148  6  342  hr* 

0.3661  9  1  hr.1 

No.  of  Sp.ci.tn. 

3 

3 

Residual  Strength(Vsi)  (MP-a) 

183. S)  (569) 

NO.  of  Sp.ciia.fta 

2 

Stress  Level  (ksil (KPa) 

158.0)  (400) 

(4.38)  (30.2)  . 

0,8708  6  95  hv*,A 

Craop  Strain,  500  hr(%) 

-0.0C144 

Ho.  of  Specimens 

3 

3 

Residual  strength {kail (KPa) 
No.  of  specimens 

[76. 7J  (528) 

3 

(7.331  (50. S) 

3 

Stress  Level  (ksil (KPa) 

(40.4)  (340) 

(1.50)  (24.1) 

Crocp  Strain,  500  h?t%) 

-0.00204 

1.0004  |1  24  hr*.1 

No.  of  Specimens 

3 

3 

Residual  Strength (ksi) (KPa) 

173.61  (542) 

15.511  (30.0) 

No.  of  Siwcimuns 

3 

3 

is train  exceeded  g.y/i:  limito  during  tost. 

^Throe  ci, ice i mens  failed  during  tuflt, 

^Gripping  tabs  fVbomt'd  £ro*  erne  upccis»?n  at  226  hr*.  Specimen*  wers 
retested  without  atr.»in  maaoutement  end  ran  out  to  500  hr*)  without 

^Speciocn  contraction*  noted  «t  lower  stress  levels  At  both  240#P<127*C)  And 
1SQ*F  (177*0  .  Hay  be  due  to  relaxation  of  residual  curing  stresses. 
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Figure  53.  Tensile  Creep  Behavior  r>f  n  ^  • 

Composite  tamisates,  US'  taSon?3<1B 


Figure  54  Tensile  Creep  Behavior  of  HyE2034D  Composite  Laminates. 

(0, +45, -45, 0,0, -45, +45,0, 90, 0)s  Fiber  Orientation. 
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TABLE  43 


TENSILE  STRESS-RUPTURE  PROPERTIES  OF  HyE2034D 
COMPOSITE  LAMINATES 


Composite  Material  Properties 


Material  System  -  HyE2034D 
Fiber  -  VSC-32  Matrix  -  934 

Maximum  Temperature  Rating  -  350®F(177*C) 
Re3in  Content  -  23,3%  by  wt. 

Fiber  Content  -  07. 9t  by  vol. 

Void  Content  -  “  0 

Test  Method  -  Straight-sided  tension 
Reference  -  ASTM  D2290  and  D3039 


HMG/Epoxy 


Prepreg  by  -  Fiberite 
Laminate  Sp.  Gr.  -1.80 
Nominal  Ply  Thickness  -0.0050  inch 
No.  of  panels  from  which  specimens 
were  tested  in  this  table  -  18 
Thickness  of  each  type  specimens 
(0/+45/90)  -  2J  ply 
“  +45  -  8  ply 


STRESS  RUPTURE 


Temperature 

Fiber  Orientation 

(0, +45, -45, 0,0, -45, +45,0, 90, 0)a 

±45® 

72®F  (22®C) 

Stress  Level[ksi) (MPa) 

160.7)  (418) 

[8.68]  (59.8) 

Time  to  Failure(hrs) 

500+ 

500+ 

No.  of  Specimens 

3 

3 

Residual  Strength  [ksil  (MPa) 

■  (76.8)  (529) 

[11.243  (77.4) 

No.  of  Specimens 

3  1 

3 

Stress  Level (ksi) (MPa) 

[53. 1)  (366) 

[7. 30)  (50.3) 

Time  to  Failure (hrs) 

500+ 

500+ 

No.  of  Specimens 

3 

3 

Residual  Strength (ksi) (MPa) 

[75.5]  (520) 

til. 30]  (77.9) 

No.  of  Specimens 

3 

3 

260®F(127’C) 

Stress  Level [ksil  (MPa) 

[60.03  (413) 

[6.57]  (45.3) 

Time  to  Failure (hrs) 

21 

425+1 

No.  of  Specimens 

3  ’ 

3 

Residual  Strengthtksi) (MPa) 

— 

[11.12)  (76.6) 

No.  of  Specimens 

0 

2 

Stress  Level  [ks.i]  (MPa) 

[50.0]  (345) 

(5.63)  (38.8) 

Time  to  Failure (hrs) 

500+ 

500+ 

No.  of  Specimens 

3 

3 

Residual  Strength Iksi] (MPa) 

(77.0)  (531) 

[11.97]  (82.5) 

No.  of  Specimens 

3 

3 

350®F(177°C) 

Stress  Level [ksil (MPa) 

(66.2)  (456) 

[5.25)  (36.2) 

Time  to  Failure (hrs) 

456+1 

116 

No.  of  Specimens 

3 

3 

Residual  Strength  [ksil  (MPa) 

[82.63  (569) 

- - 

No.  of  Specimens 

2 

0 

Stress  Level [koil (MPa) 

(58.0)  (399) 

[4.38]  (30.2) 

Time  to  Failure (hrs) 

500+ 

500+ 

No.  of  Specimens 

3 

3 

Residual  SUcngthtksi]  (MPa) 

[76.7]  (528) 

[7.33],  (50.5) 

No.  of  Specimens 

3 

3 

Two  specimen**.  survived  for  500  hrs.  without  failure. 


TABLE  44 


TENSION-TENSION  FATIGUE  PROPERTIES  OF  HyE2034D 
COMPOSITE  LAMINATES 


Composite  Material  Properties 


Material  System  -  HyE  2034D 
fiber  -  VSC-32  Matrix  ••  334 
Maximum  Temperature  Rating  -  35C°F£177*C) 

Resin  Contc-nt  -  24.8V,  by  wt. 

Fiber  Content  -  67.9%  by  vol. 

Void  Content  -  ^  0 

Test  Hetliod  -  Straight-sided  tension 
Reference  -  ASTM  D3039 


Prepreg  by  -  Piberite  j  HMG/Epoxy _ _ 

Laminate  Sp.  Cr.  -  1.81 
Nominal  Ply  Thickness  -  0.0050  inch 
No.  o£  panels  from  which  specimens  were  tested 
in  this  tabic  -  10 
Thickness  of  each  type  specimen: 

+45*  -  8  ply 
0/+45/90*  -  20  ply 


TENSILE 

FATIGUE,  R-0.1  (2 

1) 

Temperature 

Fiber  Orientation 

+45* 

0/+45/90*(1) 

0/+4S/9Q*^'^ 

72*F(22*C) 

Max.  Stress  (ksi)  (MPa) 

(8.68)  (59.8) 

[75.8]  (522) 

[61.5]  (424) 

Lifetime  (cycles) 

22,706 

34,123 

5,148 

No.  of  Specimens 

5 

5 

3 

Residual  Strength [ksi] (MPa) 

- - 

No.  of  Specimens 

0 

0 

0 

Max.  Stress  (ksi)  (MPa) 

[8.14]  (56.1) 

[73.9]  (509) 

(60.00)  (413) 

Lifetime  (cycles) 

73,132 

11,625 

20,000 

No.  of  Specimens 

Residual  Strength [ksi] (MPa) 
No.  of  Specimens 

S 

0 

3 

0 

[67.2]  (463) 

1 

Max.  Stress  [ksi]  (MPa) 

(6.51)  (44.5) 

[72.0]  (496) 

[58.3]  (401) 

Lifetime  (cycles) 

No.  of  Specimens 

7,715,394 

4 

96,015 

5 

7,602,215+ 

3* 

Residual  Strength  [ksi] (MPa) 
No.  of  Specimens 

[9.80]  £68.0) 

3 

[79.2]  (546) 

2 

[70.4]  (485) 

1 

Max.  Stress [ksi)  (MPa)  [7.98]  (55.0) 

Lifetime  (cycles)  3,870 

No.  of  Specimens  6 

Residual  Strength  (ksi]  (MPa) 

No.  of  Specimens  0 

Max.  Stress  [ksi]  (MPa)  [7.041  (48.5) 

Lifetime  (cycles)  132,425 

No.  of  Specimens  ® 

Residual  Strength  (ksi)  (MPa) 

No.  of  Specimens  0 

Mix.  Stress [ksi]  (MPa)  [6.57]  (45.3) 

Lifetime  (cycles)  987,695 

No.  of  Specimens  ^ 

Residual  Strength [ksi]  (MPa) 

No.  of  Specimens 


Stacking  sequence  (0,  +45,  -45.  0,  0,  -45,  +45,  0,  90,  0), 

These  specimens  had  a  0.1935  inch  (0.491  cm)  hole  in  the  center  of  the  test 
section.  Stresses  calculated  using  net  oross-stctional  area, 
fatigue  lifetimes  are  log  mean  values.  All  residual  strengths  determined, 
by  tencile  test  at  ?2*F  (22*C) . 

One  specimen  survived  to  107  cycles  without  failure. 


NOYES:  1. 

2. 
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gura  56.  Tensile-Tensile  Fatigue  Behavior  of  Multidirectional  HyE  2034D  Composite 
Laminates  at  72°F  (22°C) :  <0 ,45 , -45 , 0 ,0 ,-45 ,45 , 0 ,90 ,0) s  Fiber 

Orientation,  R  =  0.10,  10  Hz. 
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TABLE  45 

7HERM0PHYS ICAL  PROPERTIES  OP  HyE2D  34 D 
COMPOSITE  LAMINATES 


Composite  State  rial  Properties 

Material  Svstcil  -  HyE  20340 

Preprcg  by  -  Fiberite  1 

HMG/Epoxy  | 

Fiber  -  «C~32  177.c,  Laminate  Sp.  -Gr.  -  1.79 

Ho*r=**  Tt-^rature  gating  -  350  F(177  C)  Avo„qc  ply  ftickness  ,  0.0050  inch 

Content  -  ‘  *  Ho.  of  pawls  fron  which  specimens  were  tested 

Fiber  Content  -  65.7%  by  vol.  in  this  _  3 

Void  Content  -  ~o 

Thickness  of  each  type  specimens  Therm.  Exp.  -  40  ply  Spec.  Hfc.  -  1  ply 

Thera.  Cond.  -40  ply  Glass  Trans.  -  8  pljf 

7UEHK0  PHYSICAL  PROPERTIES:  0* 

§11111121 

72*P(22*C.) 

350*F(177*C: 

Test 

Method 

Thermal  Expansion1 
ax  (yin/in-TPJ  (licn/cm-*C) 

1-0.68  M-i.22 

[-0.G6lf-l.S4 

[-0.83  (-1.61) 

E-i.oq  (-1.94) 

TMI? 

Oylpin/in-*F)  (pcav'cm-*C) 

(32.11(57.8) 

[22.01  (39.6) 

(17 .0] (30 .6) 

[15.1]  (27.1). 

No.  of  Specimens  per 
direction 

3 

3 

3 

3 

Specific  Heat 
Cptbtu/lb.-T]  (J/kg-'C) 

[0,110]  (460) 

(0.2021(846) 

(0.6421(2689) 

(0.7181(3010) 

DSC3 

No.  of  Specimens 

3 

3 

3 

3 

Thermal  Conductivity1 
kz(btu-ft/ft2-h.r-*F] 
(W/o-*C> 

No.  of  Specimens 

(0.52) 

(0.89) 

3 

[0.671 

(1.16) 

3 

10.89) 

(1.53) 

3 

I0.99J 

(1.70) 

3 

Comparative 

Glass  Transition  Temp. 

Dry  (*F)(*C) 

Wet  fl'ICC) 

(430) (221) 

(342) (172) 

DMA4 

THERNOPHYSICAL  PROPERTIES:  +45*  j 

Thermal  Expansion1 
otxl)lin/in-'F)  ()Jcm/cm-*C} 

" 

f-o.19  (-0.23 

[-0.24  (-0.40) 

f0. 36)  (-0.64 

l-Q.49H-0.89 

TMA2 

No.  of  Specimens  pec 
direction 

3 

3 

3 

■ 

3 

Thermal  Conductivity1 
k  lbtu-£t/ft2-hr-*F) 
(H/ra-'C) 

No.  of  Specimens 

(0.551 

(0.94) 

3 

(0.561 

(0.96) 

3 

(0.57] 

(0.99) 

3 

[0.59] 

(1.01) 

3 

comparative 

NOTES : 1 .  On  the  unidiroctionally  reinforced  specimens,  the  x-direction  is  along 
axis,  the  y-direction  is  across  the  fiber  axis,  and  the  s-direction  is 
the  thickness  (identical  to  the  y-direction) .  On  +45*  bidirectionally 
specimens,  the  ;;  and  y  directions  are  identical  and  oriented  at  “IS*  to 
fiber  direction,  while  the  x-direetion  is  through  the  thickness. 

2.  Thermo-mechanical  analysis, 

3.  Differential  scanning  calorimetry. 

4.  Dynamic  mechanical  analysis. 


the  fiber 
through 
reinforced 
either 
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TABLE  46 

PRELIMINARY  ACCUMULATED  DATA  FOB  fctyE  20 340 1 


HyE  203 4D  (75  million  modulus  pitch)  tested  by  various  companies  under 
different  cure  cycle  and  testing  procedures.  All  mechanical  test 
values,  except  shear,  are  normalized  to  60%  fiber  volume.  All  testing 
was  performed  at  room  temperature . 


Fiberite 

TEW 

Ryan 

G.D.  Convair* 

G.D.  Con-' 

Ffu  “ 

99 

95 

84 

91/— 

85/— 

Ef  -  Msi 

37 

39 

34** 

— 

33/— 

f*su  *”  Ksi 

10 

3 

9 

9/ — 

7/ — 

Ftu  *  Ksi 

110 

121 

123 

103/39 

87/32 

Et  -  Msi 

46 

43 

47 

44/15 

46/15 

Fcu  ■  Ksi 

54  s 

Ec  -  Msi 

38s 

All  information 

in  this  table 

provided  by 

FIBERITE. 

Cure  cycle  1,  (0 

°) 12/(0,  45, 

90,  135) 

s 

Apply  vacuum  at  R.T.,  heat  at  3°F/minute  to  250  +  5®F,  hold  30  minutes, 
apply  100  psig,  hold  an  additional  30  minutes,  heat  at  3°F/minute  to 
275  +  5°F.  Hold  six  hours,  cool  to  below  150°F  at  a  rate  not  to 
exceed  5“F/minute  under  vacuum  and  100  psig,  debag  and  free  stand 
postcure  for  20  hours  at  275  +_  5®F. 

3 Cure  cycle  2,  (0°)12/(0,  45,  90,  135) s 

Apply  vacuum  at  R.T.,  heat  at  3°F/minute  to  250  +  5°F,  hold  45  minutes, 
apply  100  psig,  hold  an  additional  45  minutes,  heat  at  3°F/minute  to 
350  +  S^F,  hold  two  hours.  Cool  to  below  150°F  at  a  rate  not  to  exceed 
5#F/minute  under  vacuum  and  100  psig. 

**May  be  in  error  due  to  de  flee  tome  ter  troubles. 

5Celanese  compression  tests. 
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4.4  T3G0/V378A 

This  gr aphi  te  /po  ly iatide  system  is  based  on  a  resin  matrix 
system  developed  by  U.S.  Polymeric. 

Tables  47  through  59  present  the  data  generated  for  this 
nominal  450°F  (232*0  graph! te/polyimide  system.  Figures  58 
through  73  illustrate  the  stress-strain#  fatigue#  and  creep 
behavior  of  the  material  as  well  as  the  effects  of  humidity 
aging  upon  selected  composite  properties. 

Probably  the  most  unusual  characteristic  of  this  system 
is  the  very  noticeable  odor  of  the  prepreg.  This  arises  from 
a  volatile  reactive  constituent  in  the  resin  and  not  only  is 
offensive  to  those  working  with  the  prepreg#  but  also  results 
in  an  abbreviated  out-life  for  the  prepreg.  When  a  sufficient 
amount  of  this  volatile  reactant  has  vaporized,  good  quality 
laminates  can  no  longer  be  fabricated.  The  substantial  dif¬ 
ferences  between  the  HPLC  analyses  on  new  and  old  V378A  prepreg 
presented  in  Appendix  B  (pages  279  and  280)  illustrate  the 
dramatic  changes  undergone  by  the  resin  system  even  in  0°F 
(-18°C)  storage.  The  first  five  peaks  in  the  HPLC  are  very 
significantly  reduced  on  the  old  material,  while  the  last 
three  have  disappeared  completely. 


TABLE  47 


PROCESSING  COHOmOMS  FOR  T300/V378A 
COMPOSITE  LAMINATES 


Cceqpo&ite  Processing  Information 

- - - - - - - n 

Material  system  -  V373A 

Fiber  -  T300  w/epoxy  size  Matrix  -  V378A 

Maximum  sated  Temperature  -  450 “F  (232*0  Prepre 

Gr/PI 

g  by  — O.S.  Polymeric 

Laminate  Processing  Schedule 


Layigt  Procedure;  The  prepreg  was  stored  in  a  closed  wrapper  at  0*F  (-18*0 . 
Prepreg  was  warned  to  roan  temperature  before  removal  from  wrapper  to 
prevent  moisture  condensation  on  prepreg.  Plies  were  cut  to  desired  size 
with  razor  knife  and  stacked  in  desired  sequence  (release  paper  removed) 
from  each  ply) .  The  stack  was  placed  in  the  autoclave  according  to  the 
layup  system  illustrated  in  Figure  58.  The  corprene  edge  dam  serves  to 
restrict  fiber  flow. 


Cure  Schedule:  Apply  full  vacuum  and  85  psi  above  bladder  at  room  tempera¬ 
ture.  Heat  to  175°F  (80*0  at  a  rate  of  '^4*F/min.  Vent  vacuum  at  175“F 
(180*0)  and  hold  at  temperature  for  2  hours.  Heat  up  to  355*F  (180°c)  at 
a  rate  of  'M°F/min.  and. hold  at  355*F  (180*0  for  4  hours.  Reduce 
pressure  to  10  psi  then  cool  to  below  150°F  (66*0 •  Remove  panel  from 
autoclave  and  start  postcure. 


Poatcure  Schedule t  Heat  to  475°F  (246*0  and  hold  for  4  hours.  Increase 
temperature  to  550*F  <288*0  and  hold  for  1  hour.  Cool  panels  to  below 
150°F  (66®C)  and  remove. 


Figure  58.  Layup  System  fop  V378A  Laminates. 


TUPLE  48 

P  HEP  REG  AXD  CC*2>0£ITE  PHYSICAL  PROPERTIES 


Composite  Physical  Property  Information 

Material  System  -  T300/V378A 

Fiber  -  T300  Matrix  -  V378A 

Maximum  Rated  Temperature  -  450*F (232*0  Prej 

Gr/Polyimida 

>reg  by  -Q.S,  Polymeric 

(Property) 


Prepreg  Physical  Properties 
(Sta d.Dev.)  (Range) 


(Test  Method)  (Ref.) 


Volatile  Content-5. 5%  by  wt.  0.8%  4. 6-6.1 

Resin  Content-  30.6%  by  wt.  1.8%  29.0-32.6 

Gel  Tine  -  32.2  min@210*F  0.3  min  32.0-32.5 

No.  of  Rolls  Involved-  x 
No.  of  Batches  Involved-  1 


QCI-C-V-14 

R-15 

G-2 


Fiber ite 
Fiberxte 
Fiberite 


Laminate  Physical  Properties^ 
(Stnd.oev.)  (Range) 


(Test  Method)  (Ref.) 


No.  of  Panels-  36 
Filler  Content-  67.0%  by  wt. 
Resin  Content-  25.6%  by  wt. 
void  Content-  1.4  %  by  vol. 
Lanina to  Sp.  Ur.-  1.58 
Fiber  Sp.  Or.-  1.75 
Matrix  Sp.  Gr.-  1.27 
thickness  per  ply-  0.0051  inch 


2.2%  6.34-71.1% 

2.2%  21.7-29.7% 

1.2%  0-4.3% 

0.02  1.53-1.61 

As  reported  by  manufacturer. 
As  reported  by  manufacturer . 
(0.13  am)  - 


see  footnote  2 

D  2734  ASTM 

D792  ASTM 


She  properties  reported  here  represent  averages  for  all  panels  of  this 
Material  used  throughout  the  program. 

2 An  acid  digestion  method  similar  to  that  described  in  AFML-TR-67-243  was  used 
with  the  following  materials  and  temperatures.  A  mixture  of  concentrated 
sulfuric  acid  and  hydrogen  peroxide  (30%)  in  the  ratio  of  80%  to  20%  by 
volume  respectively  was  used  as  the  digesting  acid.  The  specimens  were 
soaked  in  this  solution  at  375-4Q0*F  (190-204*0  until  the  acid  turned  dark. 

The  acid  was  drained,  the  specimen  rinsed,  and  fresh  acid  added.  This  sequence 
was  repeated  until  the  acid  did  not  discolor  and  the  residual  fiber  weight 
reached  equilibrium. 
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HPLC  ANALYSIS 

**»•*  -  , 

SAMPLE  (CONC.}___ -iy.lt _ _ SAMPLE  SiEE _ _ 

MOBILE  PHASE  1  ..  _ MOBILE  PHASE 

FLOW  RATE _ _ _  PROGRAM. ...jAfttfe.*,-- 

COLUMN'S). _ l&f  && _ OETECTOR..TrAf«C--.Uy . 

ATTENUATION _ Lfe _ -  WAVE  LENGTH - Af-i-. 

CHART  SFEED_.r-5jfc*l7«w» - FULL  SCALE  (mVj - 

DATE _ n>-*- BO _ OPERATOR _ (L- J?Ck»-  - 

*  I  m.w+'H  «+*  0*P 


TABLE  4  9 

TENSILE  PROPERTIES  OF  T300/V378A  COMPOSITE  LAMINATES 


Coapoaita  tutaxial  Pr-jpa.'tiat  | 

1  ,'UMiUl  Syata*  -  T30C/V37**  J-ipn?  by  -  a. a.  Hiy*ario 

Sx/K  ! 

ribtr  •  1300  tutrix  •  V31S4 

HaxiNua  Katad  Taapaiatura  -  4S0*f (232*C) 
Main  Outcast  -  2S.6»  by  vt. 
rtbax  Outcast  -  47.1%  by  cal. 
void  Contact  -  i*1*  by  mi. 

_ _ _ I 

Laaiaata  $p.  Sr.  -  1.39 

twain  a. 1  Ply  Thleknaa*  -  0.0032  iach(0.13  aa) 
no.  at  panals  froa  wkieb  spaeiaana  wax*  taatad 
in  tbia  tafala  -  7 

1  VUokntMM  of  mm eh  cyp«  tpaciaru  O’*  -  *  ply  :  5f0*  -  IS  ply 

_ 1 

1 

xnsxcai  o* 

■C  \MIC 

—  1  Jin.  1,1.,..  i.  — 

1 1  iyujl—i 

i 

!  r”  (kail  (MPal 

1232.31(1332) 

— 

C  230. 21  (X2««) 

(210.1)  (1440) 

(217.31  U«975 

Stnd. Dir*.  [kail  <M9a) 

t  31.71  Ui8) 

(  23.01  (  172) 

(  33.41  (  141) 

(13.31  (US) 

(mu  [kail  M 

[173.4  *  290.01 

(109.7  -  250.9] 

[103.9  •  239.41 

(200.0*240.3) 

(UU  -  1732) 

(1207  -  1727) 

0267  -  1949) 

(1304  -  14941 

NO.  of  Spaciama 

s 

5 

3 

! 

1 

5 

r^1  [kail  ova) 

[222.2!  (1322) 

(230.21  (1200) 

(210.11  (1440) 

(217.31  (1497) 

Stnd.Dav. [kail (MPa) 

(-21. 71  (  219) 

[  23.0)  (  172) 

(  23.41  (  Ul) 

(13.31  U0S) 

as.  of  tpaoiaoaa 

3 

3 

3 

3 

I*  [Hail  <5»a) 

(  20. of  (  1 30) 

(  20. i:  (  130) 

(  22.1)  (  132) 

(10.41  (120) 

Stud. Oar*.  [Mail  (Ota) 

(  O.CJ  (  4.2} 

{  0.41  (  2.1) 

(  1.31  (  10) 

(1.1)  (0) 

as.  of  Spaoiaona 

5 

3 

3 

3 

(UiS/ia]  (uca/aa) 

10,120 

10.310 

9,770 

ix.ioo 

lUd.OtT. 

1.900 

1,400 

9.000 

304 

Ho.  at  Sf aniaaoa 

s 

3 

s 

S 

0.21 

0.30 

0.23 

0.32 

Its),  on. 

0.02 

0*01 

0.03 

0.04 

Ho.  of  fpanlooao 

1 

s 

s 

3 

Toot  Hatbod 
(talar  anoa 

Otsaidke-aldad  ta&aia* 

tmtoai  90* 

rj*  tkaiiova) 

(3.021  (40) 

(3.371  (37) 

(4.041  (33) 

(4.211  (29) 

ittus.DoTf.  (kail  ova) 

(0.911  (9.2) 

(0.391  (3.91 

(0.361  (2.4) 

(0.37)  (3.9) 

Maya 

[4.M  -  4.90] 

(4.74  -  4*11] 

(4.02  -  4.97} 

(1.40  -  4.491 

(22  -  40) 

(22  -  43) 

(27  -  24) 

(24  -  ») 

no.  of  upaolaana 

s 

3 

5 

3 

rj*1  (kail  ova) 

(3.021  (40) 

(2.391  (24) 

(3.921  (23) 

(2.391  (14) 

3 tad. Da*.  (kail  09a) 

(0.911  (9.2) 

(0.941  (0.3) 

(0.23)  (2.4) 

(0.441  (4.4) 

HO.  of  Spaeiaaas 

3 

5 

s 

s 

[Hail  (®»> 

(1.401  (9.9) 

(1.31)  (9.0) 

[1.071  (7.4) 

(1.00)  (4.9) 

Stnd.Dav.  (Mail  «9a) 

(0.011  (0.077 

(0.021  (0.2) 

(0.03]  (0.2) 

(0.021  (0.1) 

ho.  of  Spot loans 

5 

3 

5 

5 

tyU  (Nia/tal  (bca/ea) 

4.243 

4.140 

4,120 

4.290 

Sfend.  baa. 

(00 

410 

290 

Q3D 

Ms.  of  SpacUMM 

3 

S 

5 

S 

!  v* 
i  /* 

0.Q221 

0.020* 

0 .014 1 

0.017* 

i  Stud-  Do*. 

— 

— 

— 

1  as.  of  Ipacirtaa 

-H— 

" 

!  last  Matbed 

| 

i 

Stxalgbt-aifed  taaalsa 

Rafaranca 

i 

_ MMJUfta - 

iMlmr  »l  titln  uhll  sad  lonqUadtaal  Painw '»  ratxo ■ 


-0.004  -0.002  0  0.002  0.004  0.006  0008  0010  0.012 

STRAIN  (IN/ IN) 

Figure  60  ,  Tensile  Stress-Strain  Curve  for  Unidirectional  T300/V378A  Composite 
Laminates:  0°  Fiber  Orientation. 


TABLE  50 

TENSILE  PROPERTIES  OP  T300/V378A  COMPOSITE  LAMINATES 


Material  MpirtiM 


Material  Syat mm  -  T300/V37S* 
fiber  -  T3QC  Matrix  -  V37SA 


Pr»9r»<j  by  “  O.S.  Polyaaric 


Maxixw  Katad  Taaparatura  -  450*y(232*C) 
Basin  Con Cast  -  26.9%  by  wt. 

Fiber  Contact  -  66.lt  by  ml. 

VOid  Concant  -  8.8%  by  ml. 


Gr/Polyialda _ 

laaiaata  3p.  Sr.  -  l.$9 

Noatnal  Fly  Thickness  - 0.0052  inch<0.13  na) 

Mo.  of  panala  fxoa  which  specimens  wars  tested 
in  this  tabla  -  3 
Thickna**  of  speciMn  -  8  ply 


mmicmt  ms* 


-67*F<-5S*c1 

72*F(22*C) 

34o*T(177*C)  “"** 

4SO*F<  232*0 

r“  {kail  00a) 

(21.521  (1431 

(21.291  (147) 

(16.12]  (111) 

(14.941  (103) 

Send. Daw.  [kai]  (MPa) 

[1.171  (8.1) 

(1.281  (S.») 

(0.69]  (4.81 

(0.34]  (2.3) 

Rang*  (kail  (MPa) 

(20.33  -  23.121 

[19.18—22.14] 

(14.96-16.771 

(14.46  -  15.411 

<160  -  1S»> 

(132-153) 

(103-116) 

(100  -  106) 

No.  of  Spaciaana 

S 

5 

5 

5 

r*a  ck«u  o®«» 

[a. 321  (57) 

(6.351  (44) 

(4.491  (31) 

[3.461  (24) 

Stud. Day.  (kail  (MPa) 

(0.83)  (5.7) 

(0.67)  (4.6) 

(0.591  (4.1) 

[0.731  (5.0) 

No.  at  Spaciaana 

5 

5 

5 

5 

K*  (Mail  «SPa) 

(3.131  (22) 

(2.96)  (20) 

(2.54)  (181 

[2.161  (15) 

send. Daa. [Mail (GPa) 

(0.161  (1-1) 

(0.031  (0.2) 

(0.131  (0.9) 

(0.111  (0.8) 

No.  of  Spaciaana 

S 

5 

5 

5 

e^“  (uia/ial (uce/cx) 

9,020 

12,100 

27,070 

20,320 

Stud.  Day. 

930 

140 

11,020 

230 

(to.  of  Spociaena 

S 

5 

5 

S 

* 

Send.  Day. 

0.70 

0.59 

1.00 

0.82 

0.05 

0.04 

0.07 

0.03 

No.  of  Spaciaana 

Taat  Matbod 
aeference 

s 

5 

streigh 

A 

4 

t-aidad  tanaion 
m  03039 

5 

TABLE  51 

TENSILE  PROPERTIES  OP  T300/V378A  COMPOSITE  LAMINATES 


0* 

0  0.010  0.020 

STRA1NUN/IN) 


Figure  63  .  Tensile  Stress-Strain  Curves  for  Multidirectional 

T300/V378A  Composite  Laminates:  (0,45,-45,0,0,-45, 
45,0,90,0) s  Fiber  Orientation. 
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TABLE  52 


COMPRESSIVE  PROPERTIES  OF  T300/V378A 
COMPOSITE  LAMINATES 


Congrosite  Material  Properties 

Material  System  -  T300/V378*  Prepreg  by  -  O.S.  Polyaaric 

Fiber  -  T300  Matrix  -  V378A  _  ,  „ 

Maximum  Rated  Temperature  -  450*P (232»C>  Lannate  Sp.  Gr  -  1-60 

Resin  Content  -  24.2%  by  *t.  Mo»u»l  Ply  Thxcknee*  - 0.0050  i 

Fiber  Content  -  69.1%  by  vol.  *>•  of.P“«ls  from  whxch  sped* 

Void  Content  -  0-8*  by  vol.  “  thls  tabl® 

Thickness  of  each  type  specimen:  0*  -  20  ply  ;  90*  -  20  ply 

Gr/Poly  iau.de 

Lnch  <0.13  mm) 

were  tested 

COMPRESSION:  0* 

-67*F(-SS*C) 

—  r  rinr— 

■nrinmirfi 

■  iiJii  —  ■ 

F®“  [kail  (MPa) 

[213.4]  (1470) 

[192.6]  (1327) 

[162.13  (1117) 

[100.6]  (693) 

Stnd.Oev. (ksi] (MPa) 

[17.51  (123) 

[16.0]  (110) 

[22.4]  (154) 

[26.4]  (182) 

Range  [ksi] (MPa) 

[109.7-238.1] 

[168.5-212.8] 

[136.8-195.0] 

[79.4  -  145.9) 

(1307-1640) 

(1161-1466) 

[943-1344) 

(547  -  1003! 

No.  of  Specimens 

5 

S 

S 

5 

Fjpl  [ksi] (MPa) 

[45.3]  (312) 

[140.01  (965) 

[123.3]  (850) 

[85.5]  (589) 

Stnd.Oev. [ksi] (MPa! 

[15.0]  (103) 

[83.3]- (574) 

[50.51  (348) 

[44.6]  (307) 

No.  of  Specimens 

5 

5 

5 

5 

[Mai]  (GPa.) 

[19.6]  (135) 

[19. 8]  (136) 

[23.4]  (161) 

[20-8]  (143) 

Stnd.Oev.  [Ksi]  (GPa) 

[1.7]  (12) 

[0.6]  (4) 

[1.41  (10) 

[2.3]  (16) 

No.  of  Spec inane 

5 

5 

5 

5 

(Rin/inl (y  cm/cm) 

12,940+V 

16,120+*)  * 

8,120 

5,140 

Stnd.  Dev. 

5.490 

3.170 

2,760 

1,530 

No.  of  Specimens 

5 

5 

5 

5 

Teat  Method 

Asm  D3410 

Reference 

COMPRESSION:  90* 

F™  [ksi]  (MPa) 

[37.9]  (261) 

[26.8]  (185) 

[19 .0]  (131) 

[20.2]  (139) 

Stnd.Oev. [ksi] (MPa) 

[11.61  (80) 

[2.1]  (14) 

12.1]  (14) 

[3.2]  (22) 

Bangs 

(28.2-S4.7] 

[24.4-28.5] 

[16.2-21-8] 

[17.6  -  25.51 

(194-377) 

(168-196) 

(112-150) 

(121  -  155) 

mo.  of  Specimens 

S 

5 

5 

s 

r°pl  [kail (MPa) 

[16.1]  UU> 

[5.9]  (41) 

15.2]  (36) 

(6.81  (47) 

Stnd.Oev. [ksi] (MPa) 

[13.2]  (91) 

[2.3]  (16) 

ll.S]  (10) 

[6.5]  (45) 

No.  of  Specimen* 

5 

5 

5 

5 

e'  [Mai]  (®e) 

[2.5]  (17) 

[2.5]  (17) 

[1-6]  (11) 

[1.21  (8) 

Stnd.Oev.  [Msi]  (GPe) 

[1.0]  (7) 

[0.9]  (6) 

[0.3]  (2) 

[0.1]  (1) 

No.  of  Specimen* 

5 

s 

5 

5 

cu 

ey  [yin/in] (yem/ern) 

23.360+1'  ' 

23,820+lJ  * 

13,820+l»2 

18, 880* *>  5 

Stnd,  Dev. 

7.170 

7,830 

4,260 

16,870 

Ho.  of  Specimen* 

5 

5 

5 

5 

Test  Method 

ASTM  03410 

Raf«ranc« 

’ultimate  (train  value*  n;nmt  ob«cv*d  » train  rather  than  ultimata  values. 

2 Three  of  tin  apeciaens  exhibited  evidence  of  buckling. 

'one  of  five  epee  man*  exhibited  evidence  of  buckling. 

'*11  five  ner  1  — n  exhibited  evidence  of  buckling. 

’two  of  five  spec  inane  exhibited  evidence  of  buckling. 
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Figure  64  .  Compressive  Stress-Strain  Curves  for  Unidirectional 
T300/V378A  Composite  Laminates:  0°  Fiber 
Orientation. 


Figure  65.  Compressive  Stress-Strain  Curves  for  Unidirectional 
T3Q0/V378A  Composite  Laminates:  90®  Fiber 
Orientation. 
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TABT.P,  53 

FLEXURAL  PROPERTIES  OF  T3G0/V378A  COMPOSITE  LAMINATES 


XKMiai.  Systan  -  IJ0Q/VJ73A 
Pibar  -  T300  mao*  -  V37» 
tewiniae  Slatad  tttm sa  -  450*r  (232 *C) 
mu  Contact  -  23.3%  ter  wt. 

Hbw  Contact  -  69.0%  by  sol. 

Mold  Coataat  -  2.6%  by  sol. 

HtUkaans  o t  aach  typa  apacinn;  0*  -  1/ 


Conpoaita  Mataxxal  Propartias 


Psapnag  tef  -  o.s.  tolynadc  Gr/Tolyinidn 
lanjata  sp.  Gr.  -  1-57 

Moadaal  Ply  thicknaa*  -  0.005%  Inch  (0-14  ami 
tea-  at  panals  t tom  which  iptcixci  won  tastsd 
in  thin  tnbla  -  2 


is  0*  -  14  ply  ;  40*  -  14  ply 


CksiUSPa) 

Stead.  Oar.  Dtsi]  <MPn) 
Mag*  Dent]  Uffni 


tea.  of  Spnclaao* 


EESSOiK-] 


1370.71  (1865) 

[13.81  (109) 

iMS.4-2S9.41 

(1711-1994) 

S 


[Mai]  (GPa)  (16.01  -0X0) 


Stod.Dav.  (Mail  (GPa) 
Ho.  of  Spacinana 

Taste  Mattaod 
Bafaranca 


10.7]  (3) 
5 


FLSJOOT:  0* 


72‘n.22 


(224.63  (1547)3 

[5.21  06) 

[219. 5-232.  J1 
(1512-1601) 

5 

'  [17.21  (119) 
[1.21  (S) 


mm  an 


350 •? 


[170.5] (1175) 3 

[6.3]  (43) 

[163.4-175.41 

(1126-1209) 

3 

[15-61  (107) 
[0.61  (4) 


ZB323W 


4S0*7 


[164.11  <U31)4 

[9.51  (65) 

[156.S-176.il 

(1076-1213) 

5 

[16. 11  (111) 
[0.61  (4) 


3  pte.  Oaxara  4  pt.  flaxura  3  pc.  fluan  3  pt-  flnxura 

kdranoad  Coapoaitn  Design  Gaidai  Jaa. ,  1971s 


nsxo*S<  90* 


(kail  [tea) 

[11.18]  (77.0) 

[11.56]  (79.8) 

[8.391  (57.8) 

[7.84]  (54.0) 

Stnd.Osw. [kail (MPa) 

[2.121  (14.6) 

(0.911  (6.3) 

[1.191  (8.21 

(0.54)  (3.7) 

Bangs  [kail (Ufa) 

(9.40  -  14.36} 

[10.33  -  12.351 

[6.92  -  9.80) 

(7.07  -  8.521 

Ho.  of  Spaoinaas 

(64.8  -  99.1) 

5 

(71.2  -  85.1) 

5 

(47.7  -  67.5) 

5 

(48.7  -  58.7) 

5 

8*  CMsiHc»a) 

[1.621  (12.5) 

(1.741  (12.0) 

[1.471  00.1) 

(1.291  (8.9) 

Stend.Oaw.  [Mail  (<9a) 

[0.111  (0.6) 

[0.05]  (0.3) 

[0.06]  (0.4) 

[0.071  (0.6) 

Mo.  of  Spaeijasan 

5 

5 

S 

5 

Tost  Method 

Safer anca 

Um 

4  pe.  flexure 

wad  Coapoaitn  assign  Guidsi  Jan. ,  1< 

)71S 

ill  failuraa  wax*  in  tarns  no  on  lawaat  ply. 

Kind  failure  aoda.  Sana  daljtei  nation.  ana  tanaion  on  bottca  ply, 
torn*  qc^gqaaiva  malar  upper  loading  noee. 

Kind  failura  aoda.  Scan  taaaila  failura  os  bottom  ply  and  scan 
coapgaaaif  failura  on  top  ply.  Too  other  apaciaaoa  warn  taaaad  in 
4-poiat  flaxnra  bate  onfciteltead  ahaar  failuraa  ate  a  flaaurml  s trass 
laral  of  161.5  leal  (1313  ffa). 

Two  specimens  aahiteitad  um  aind  failura  aoda  sa  then  taatead 
ate  350*T (177*C) .  Thraa  apectnana  aahlbltad  only  coapreealwa  failuraa 
on  top  ply. 

i^iia  procadora  correspond*  to  AS1H  0790  axcapt  for  loading  apaad  and, 
in  tha  caaa  of  tha  4 -point  taste,  tha  position  of  tha  two  uppar  loading 


TABLE  54 

SHEAR  PROPERTIES  OP  T30G/V378A  COMPOSITE  LAMINATES 


t  ID.  76J  (74.1) 

[0.591  (4.1) 
(10.17  -  11.56J 
(70.1  -  79.6) 

5 


[1.861  (13.8) 

[0.06]  (0.4) 

5 


Co*po*ita  Matarial  Propartiea 


aatarial  Syataai  -  T300/V378*  Praprag  by  -  0.8.  Polyaaric 

Fibar  -  T300  Matrix  -  V3788 

xwdra  8a tad  Ta^paratura  -  450*7  (332*7)  u 

*• ain  Content  -  26.7%  by  wt.  * 

Fiber  Content  -  66.3%  by  wol.  * 

void  owtut  -  0.8%  by  wal. 

Thicknesa  of  «*ct»  type  spec^nen  -  inplana  -8  ply 


■  a.*,  roxynertc  craphita/Poiyina.da 

Lanina ta  Sp.  Gr.  -  1.55 

Honl.nai  Ply  Thicknaa*  «  0.0052  Lnch (0.13  aai 
bo.  o£  panel*  txam  which  apeciaana  were  t  a  stag 
in  this  tibia  -9 

•y  ;  Infer)  aarirsar  -  IS  ply 


oniiB  smut 


(10.641  (73.3)  1  (8.061  (55.5) 


[0.61]  (4.2) 
[9.59  -  11.07] 
(66.1  -  76.3) 

S 


[0.341  (2.3) 
[7.48  -  8.39] 
(51.5  -  57.8) 
5 


[1.631  (11.2)  [1.341  (9.2) 


[0.051  (0.3) 
5 


[0-121  (0.8) 
5 


[7.471  (51.5) 

[0.17]  (1.2) 
[7.23  -  7.70] 
(49.8  -  53-1) 
S 

[1.15]  (7.9) 
t0. Ill  (0.B) 


+45*  Straight-aided  tanas  loo 
'•  Ktta.  [Pol.  6,  p.  352  G  Pol.  7,  p.  124} 


[18.14]  (125) 

[15.02]  (103) 

00.02)  (69) 

(9.24)  (64) 

[0.63]  (4.3) 

[0.491  (3.4) 

(0.62)  (4.3) 

(0.17]  (1.2) 

[17.30-18.88] 

[14.23-13.561 

[9.03-10.75) 

(8.96-9.431 

(.119- 130) 

(98-107) 

(62-74) 

(62-65) 

5 

10 

5 

5 

AST*  02344 

Stress-Strain  evwves  fo*  T3Q0/V378A  Q©j^©gi.fe©  laminates* 


TABLE  56 

CHEEP  PROPERTIES  OF  T300/V378A  COMPOSITE  LAMINATES 


CoapMit*  Material  Icaiwtiw 

Wt>ri«l  g*-*—*  -  T36Q./V37»  ?rttcr»c  &»  --  U.5.  Wlima rl  rr  I 

-  *300  Matrix  -  V375  _ _ _  „  ,r  „  , 

HMximm  Tcrawrttura  artiaa  -  4*0*KI12*C)  '  lnv^  *»•  ■**•  i-s* 

-  -0.0852  1«*<0.U  Ml 

Coasaar  -  ten  2  M  *>'  »*“*•  «<"  *t*  «*• 

******  'iW,HITO  *r  »w.  fi»i±>au  of  Hdi  tvM  tnirrt^M  t 

Twt  Matted  *  Stralflht-sidsd  taaaios  9/45/90  -  23  ply 

UtMtel  -  m  02290  ted  03039  £»**  -  V  fiy 


72-r<22*C}  itnw  Iml  (kail  (tec) 
Crate  ttraia,  500  hrit) 

te.  te  tee'MM 
teUwl  ttnajtfclkal)  (teal 
te.  te  te— 1— — 


(0.445,-45.0.0.-45. 445,0.90.0), 

(101.51  (701) 

9.0249 

1 


straw  Oral  tfcail  (tea) 
Crate  seaia,  500  hc(t} 

Ssaidoal  stae«w«h(tell  U*a) 
te.  te  tpsirtaaw 


straw  1ml  (tell  (tea) 
Crate  Strain,  500  facit) 

)H,  •mhsI'Mhm 
asslfcisl  Stsaa, thikall  (tea) 
te,  te  lot  Haras 


(95.2V  (555) 
0.0X57 
3 


(51.1)  (559) 

0.01%) 

3 


ns. 93!  (127) 
0.3575  •  24  hra1 
3 


[14.90!  (U31 
0.5011 
3 


(22.77!  (CM 
0.3745 
3 


3S0te(iTT*Cl straw  Ural  MOM 
I  Crass  Usiia.  500  kc<«) 


■  tesddaal  StcwfthCksi!  (tea) 
)Ste  te  Wirfaras 

itmslsn)  (tell  (tea) 
Crate  Strata.  SCO  hr<«) 
te-  te  »aa(atrai 
ass(  tesl  atzaaftSOcall  (tea) 
te.  te  tetHwas 


i  Laval  (kail (tea) 
t train.  500  licit) 


test  das  I,  itnasthtkal]  (tea) 
Uaate  Osdws 


i*4.»l  (555) 
0-0255 
X 


(74., II  (512) 
0-3X44 
3 


(12-tel  (%» 

uswt4 


(11.251  (7(0 
0.97051 


(f  .57)  (57) 

0.70732 

2 


1*9(222*0 


1  trawl  (tail  (tea) 
Strata.  500  te(t| 


(kail  (tea)  I 


Straw  'ratal  (tel)  (tea) 
orate  Strata.  500  hc(t> 


Isa  Idas!  5C»ra,u;kaiI  (tea) 
itess  Laval  tkal!  Ms) 

craas  itmta.  soo  hc(ti 
Ms.  te  ISstiasnt 
Dtaidsal  susafthttell  (tea i 
te.  te  Hisvlrara 


(11.951  (42) 


U0.U1  (72U 
0.4713* 
1 


^strata  4ws  laiite  am  s 

99MJLM&  *ldi1tasa  (Mtt 


strata  tra  fsilad  ca  sw  wadi 
‘strata  fast  *01/4  aa  am  sfai 
Jtet  sysurara  tallte  or  Laaal.at 
•Strata  sate  filial  ra  Ms  -flrl  1 


■Aw  24  Sat.,  aa  1 


OaKsw  Hit. 


sftar  144  tuns,  cm 


dralaa  twt. 


» .ME  (HRS) 

Figure  69.  Tensile -Creep  Behavior  of 

Co^oaiteL^natest°y|.B^--^™^T,00/V3,? 


STRAIN 


TABLE  57 


STRESS  RUPTURE  PROPERTIES  OP  T300/V378A 
COMPOSITE  LAMINATES 


Ccspoeita  Material  Prop* rile* 


Material  Sy*trm  *  T300/V37S k 

Fiber  -  MOO  Matrix  -  V378*. 

iSMUima  {manta*  Satis?  -  «o«y 
*s*ia  Cooteat  -  26.0%  by  wt. 

Fiber  Contest  -  $6.8%  by  voi. 

Void  Contact  -  1.2%  by  vol. 

Tact  Method  -Strtight-vidad  taction 
heferance  -  S9TN  02390  and  03039 


/Folyiadda 


Tssgoratnra 

Fiber  Orientation 

72 •F  (22-C1 

Stress  level t kill (MPa) 

Tim  to  Failoreibni) 

Mo.  of  Spedaens 

Mt.nidaal  Strength (ksi]  (MFe) 
Mo.  o£  Spbdmaa 

ft trass  Level [kail (NTs) 

Tim'  to  Failure  (hts) 

Mo.  of  Speri—na 
arsidusl  Strength  Ucai]  (We) 
Mo.  of  Spsdmns 

Frepreg  by  -0.8.  Pelymtic 
Laninata  Sp.  Cr.  -  1.58 
Hasiaal  Ply  Thictnsaa  -o.oosa  inch  (0.13 
So.  of  pamla  from  which  speciaens 
wan  tasted  is  this  table  -  16 

Thickness  at  each  type  apeeisani 
(Q/+4S/90)  -  20  ply 

~  +45  -  8  ply 


{0 ,  +45 , -4S , 0 . 0 , -45 .  +43 . 0 . 90 .0 ) 


1101,8]  {701} 
17«i 
3 


(95.  «  (656) 
503+* 


(16.931  (117 
363J 

3 


(14.90!  (103) 
581<-J 
3 


•r  (117*0  Ctraea  LevwlOssil  (Ufa) 

Tin  to  Failura(hra) 

WO*  trf  S{MCdXM-(Ui 

8— ideal  Strength  (Jtsi)  (Wi) 
Mo.  of  Spndanfta 

Strear  umltksi]  (Wa) 

Tim  to  rti.lu*a(hxa) 

Mo.  of  Jper  lam 
Sosidual  Strength  (kai]  (MPa} 
Mo.  of  Spsciawoa 


[84.91  (585) 
532+* 

2 


(74.1}  (513) 
507+* 

3 


[13.89]  (89) 
S02+* 

3 


[11.28]  (78) 

527+3 

3 


350 *T  (177*0 

Stress  bevel iksi]  («•*) 

Tim  to  rail  urethra) 

Ho.  of  Specumas 

Residual  StKsagthfksil (MPt) 
Mo.  of  Spacisana 

Stress  bsvuliksil  ((ft) 

Tiae  to  Failur+Oml 

Mo.  of  SpeciUMKi 

Bsaldual  StrergtJu'ksi]  (MVe) 
Ho.  of  SlMtcisscs 

[11.953  (82) 
230 
32 


(10.451  (72) 
503+3 
3 


kna  eyaouam  survived  foe  500  boon  without  failure, 
kvo  apt-almas  1  arrived  for  500  hours  Wlthou-  failure. 
•’Thrta  rheolueas  survivod  far  500  hours  without  failure. 


162 


TABLE  58 

FATIGUE  PROPERTIES  OF  T300/V378A  COMPOSITE  LAMINATES 


Composite  Material  Properties 


Material  System  -  T3Q0/V378*  Prep: 

Fiber  -  T300  Matrix  -  73781 
Maximum  Temperature  Rating  -  45C*F(232*C) 
Resin  Content  -  25.8%  by  wt. 
fiber  Content  -  66.7%  by  vci. 

Void  Content  -  1-i%  »?  vol. 


Tost  Method  -  straight-sided  tension 
Reference  -  ASM  "03039 


Preprog  by  -  0.8.  Polymeric  j  Sr/Fol'/lnida 

j2<r,.  laminate  Sp.  Sr.  -  1.57 

Nominal  Ply  Thickness  -0.0052  inch<0.13  am) 

No.  of  panels  from  which  specimens  were  tested 
in  this  table  -  IS 
Thickness  of  each  type  specimen: 

+4S  -  8  ply 
Q/+45/90  -  20  ply 


TENSILE  FATIGUE,  it-0.1v 

Temperature  fiber  Orientation  +4S* 

?2*f(22*C)  max.  Stress  (kail  CMfa>  [15.971  (UO) 

Lifetime  (cycles)  16,742 

No.  of  Specimens  5 

Residual  Strength  [kail  (MPa)  — 

No.  of  Specimens  0 

Hex.  Stress [ksil  (MPe)  [14.90]  (103) 

Lifetime  (cycles)  6»,83* 

No.  of  Specimens  * 

Residual  Strength  [kai]  (MPa) 

No.  of  Specimens  0 

Rax.  Stress  (ks±](MnO  (13.841  (95) 

Lifetime  (cycles)  429,359 

No.  of  Specimens  5 

Residual  Strength  (kail  (MPa)  ■ 

No.  of  Specimens  0 


0/+45/90  U) 

[95, SI  (660) 
15.534 
5 


[92.81  (639 


0/+45/90<l'25 


.,‘SU 


[89.8]  (6191 
1,579,910+ 

4 


[83.8]  (577) 
61,300 
1 


[79.11  (S4S) 
467,807 
4 


350*f  (177*0  Max.  Stress  (ksil  (MPa) 

I  Lifetime  (cycles) 

i  No.  of  Specimens 

Residual  Strength  [kail  (MPa) 
No.  of  Specimen* 

Hex.  Stress  (kai)  (MPa) 
Lifetime  (cycles) 

NO.  or  Specimens 
Residual  Strength  iksil  (IM 
Ka.  of  Specimens 


[13.701  (94) 
4,727 
5 


[12.901  (89) 
52,012 
4 


[90.1)  (621) 
96,587 
5 


[87.53  (603) 
323,176+^5 
3 


Max.  Stress [usi  1  (HP a)  [12.09]  (83)  184. SJ  (584) 

Lifetime  (cycles)  347,393  531,563 

No.  of  Specimens  5  5 

Residual  Strength (ksil (MPa)  —  — 

No.  of  Specimens  0  0 


Stacking  ssqatnoa  '.0,+43,-4iiOiOJ-45:+45,o,90,0)9, 

These  specimens  had  a  0.1935  inch  (0.491  cm)  hole  in  die  center  of  the  test  section. 
Stresses  calculated  using  net  cross -sectional  ares. 

Fatigua  lifetimes  are  log  mean  values.  All  assidual  strengths  determined  by  tensile 
test  at  72* F  (22*0  ■  , 

One  specimen  ran  out  to  10  '  cycles  without  failure. 

One  specimen  broke  at  3,269,500  cycles  doe. to  poses r  outage. 

One  speclM<a  failed  at  2,128,300  cycles  due  to  oven  overheating. 


Figure  71.  Tensile-Tensile  Fatigue  Behavior  of  T300/V378A  Composite  Laminates: 
+45°  Fiber  Orientation,  R  «  0.10,  10  Hz. 


Figure  72  .  Tensile-Tensile  Fatigue  Behavior  of  T300/V378A  Composite  Laminates 
(0, 45, -45, 0,0, -45, 45,0, 90, 0)R  Fiber  Orientation,  R  *  0.10,  10  Hz. 
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TABLE  59 

THEEWOPHYS XCAL  PBDPESTIES  OB  T300/V378A  COMPOSITE 


Ctspoiita  wtriil  Properties 


nttilil  Systaa  -  T300/V17S*  eraprag 

Fiber  -  T300  Matrix  -  V3?8» 

Jtucuw*  Taepa^-atura  Rating  -  450*P( 232*0  r  imrlt-nta 

Auu  Contact  -  24.6%  Sir  wt.  Wra** 

Fib«  Content  -  67.2%  by  vol.  ^  S 

Void  Content  -  2.0%  bf  wal.  ^  thil 

Thickness  of  each  typo  specimen:  ITiers.  Exp*  ~  <0  ply 

Tho.ro..  Qead.  -40  ply 


Proprog  by  -tJ.S.  Poly.  }  Gr/PI 

LsdMtt  sp.  Or.  -  1.57 

Average  Ply  aidaon  -  0.0051  iach(0.13  an) 
HO.  of  panels  izso  which  sperinsn*  wars  too  tod 
in  thin  cabin  -  2 

•  40  ply  sp*o.  at.  -i  ply 

-40  ply  Glass  Trans.  -  8  ply 


THERHQPHtSlOkl  PDOPE&TX2S:  0* 


72f  <22*0 

350*P(17T*O 

4»*F  (232*0 

[-Q.15K~0-21 

t-0.UK-O.2a 

t-0.14K~0.23 

£17.31  <31.21 

£22.81(41.11 

£23.71(42.7) 

3 

3 

3 

10.2061  <8621 

[0.7481(31321 

[0.7611 (3180 

3 

3 

3 

£0.34} 

(0.59) 

3 

£0.44} 

(0.77) 

3 

(0.471 

(0.83) 

3 

Tame 

Method 


THKKMcawaxcJu.  tmnxnmt  ms* 


Ho.  of  Specimens  poe 
direction 

Specific  Heat 

Cp  [btu/lb.-'Tl  l  JA9-* 

Ho.  of  Specinens 

Thonaai  CondoctiTity^ 
kx £btu-ft/fta-hr-*P] 
(W/n-'O 

Ho.  of  Spadnana 

Glass  transition  taap. 
ary  C*PH»0 
Hat  [*T] CO 


thozaal  Expansion  i 
«x(Uin/ia-*Fl  (yca/cja- 

Ho.  of  Spoctnans  par 
direction 

Themal  Conductivity1 
h.  (btu-ft/ f t3-hr-*r} 
Wn-*C) 

He.  of  Specinens 


NOTES, 1.  On  the  uni.  directionally  taint  oread  spacisans.  tha  x-diractioa  is  along  tha  fiber 
axis,  tbs  /-direction  is  across  tha  fiber  axis,  and  tha  *-dir action  is  through 
tha  thickness  (idantical  to  tha  y-dir action) .  On  *45*  bidiractiooaily  rainforead 
spadasna,  tha  x  and  y  directions  asa  idantical  and  or  inn  tad  at  45*  to  aithar 
fiber  direction ,  while  tha  s-diraetion  is  through  tha  thidtnasa. 

2.  Iharsn  Machaai  ml  Analysis 

2.  Differential  scanning  Calori sarry 

4.  Dynamic  Mechanical  Analysis 

5.  Gained  rt,  easy  rapidly.  Hay  law  dslad  wry  rapidly  also,  so  actual  value  was  for 
dry  sets rial  by  and  of  teat. 


(2.211(3.88: 

[1.651(2.971 

(2.111(3.79) 

(2.06}  (3.71) 

3 

3 

3 

3 

[0.25] 

[0.29J 

(0.391 

(0.42) 

(0.44) 

(0.51) 

(0.67) 

(0.72) 

3 

3 

3 

3 

i 

f 

4.5  HyE  1076 J 

This  system  consists  of  15,000  filament,  tow  Thome  1  300 
from  Onion  Carbide  in  Fiberite's  976  epoxy  resin  matrix. 

Tables  60  through  74  present  the  data  generated  for 
this  350*F  (177°C)  grapha te/epoxy  composite  material.  Figures 
74  through  89  illustrate  the  stress-strain,  fatigue,  and 
creep  behavior  of  this  material  as  well  as  the  effects  of 
humidity  aging  upon  selected  composite  materials . 

The  976  resin  system  was  developed  to  retain  higher 
property  levels  after  humidity  aging  than  earlier  350 °F 
(177°C)  epoxy  systems.  Two  tables  released  by  Fiber! te 
are  included  at  the  end  of  this  section  which  provides 
comparisons  of  the  934  and  976  systems. 


TABLE  60 


PROCESSING  CONDITIONS  FOR  HyB  1076a 
COMPOSITE  LAMINATES 

Composite  Processing  Information 

Material  System  -  HyE  1076J 
Fiber  -  T300/15K  Matrix  -  976 

Maximum  Rated  Temperature  -  350°F(177°c) 

Laminate  Processing  Schedule 

Layup  Procedure:  The  prepreg  was  stored  in  a  closed  wrapper  at  0®F  (-18°C) . 
Prepreg  was  warmed  to  room  temperature  before  removal  from  wrapper  to  prevent 
moisture  condensation  on  prepreg.  Plies  were  cut  to  desired  size  with  razor 
knife  and  stacked  in  desired  sequence  {release  paper  removed  from  each  ply)  . 
The  stack  was  placed  in  the  autoclave  according  to  the  layup  system  illus¬ 
trated  in  Figure  74.  The  corprene  edge  dam  serves  to  restrict  fiber  flow. 


Cure  Schedule :  Apply  full  vacuum  and  hold  for  1/2  hour  at  room  temperature . 
Heat  to  250  °F  (121 °C)  at  a  rate  of  2-5°F/min.  When  temperature  has  readied 
250°F  (121 °C)  apply  100  psi  above  bladder  (while  retaining  vacuum) .  Hold  at 
250“F  (121°C)  for  45  minutes  then  heat  to  350°F  (177°C)  at  a  rate  of  2-5“F/mi 
Hold  at  350 °F  (177°C)  for  2  hours  then  cool  to  150°F  {66*0  at  2-5*F/min. 
Rcleaao  pressure  when  temperature  has  reached  150 °F  (66 °C) ,  then  release 
vacuum  and  remove  panel  from  autoclave . 


Prepreg  by  -  Fiberite 


Postcure  Schedules  None . 


TABLE  61 

PREP REG  AND  COMPOSITE  PHYSICAL  PROPERTIES 


Composite  Physical  Property  Information 


Material  System  -  HyE  10767 

Fiber  -  T300/15K  Matrix  -  976 

Maximum  Rated  Temperature  -  350°F( 177°C) 


Gr/Ep 


Preprcg  by  -  Fiberite 


Prcpreg  Physical.  Properties 


(Property) 

(Stnd.Dev.) 

(Range) 

(Test  Method) 

(Ref.) 

Volatile  Content-  0.44%  by 

wt. 

0.23-0.57 

gci-c-v-i4 

Fiberite 

Resin  Content-  37.7%  by  wt 

• 

37.5-37.8 

R-15 

Fiberite 

Gel  Time  -  21.3  minutes 

No.  of  Rolls  Involved-  1 

Ho.  of  Batches  Involved-  1 

20.1-22.3 

G2 

Fiberite 

Laminate  Physical  Properties 


]. 


(Stnd.Dev.)  (Range)  (Test  Method)  (Ref.) 


No.  of  Panels-  34 

Fiber  Content-  68.0%  by  vol.  1.5% 

Resin  Content-  25.6%  by  wt.  2.6% 

Void  Content-  *  0%  by  vol. 

Laminate  Sp.  Gr.-  1-62 
Fiber  Sp .  Gr .  -  1  •  78  As 

Matrix  Sp.  Gr.-  1.28  As 

Thickness  per  ply- 


62.  3-69. 9%  Acid  Digestion 
23.8-37.7%  AFML-TR-6 7-243 

D2734  ASTM 

D792  ASTM 

reported  by  manufacturer, 
reported  by  manufacturer . 


"'"The  properties  reported  hare  represent  averages  for  all  panels  of  this 
material  used  throughout  the  program. 
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-  TJX 


HPLC  ANALYSIS 

SAMPLE  «* . — 

MO&U  PHASE  U.SBfc A*C~.  «Ofl«l£  "*»  *— HWW**^* 

rum  rate..j,«w/^- ^AM- 

attenuation . & . -**  *N<1™ . *2 . 

CHART  SPEEO..  fUU.  SCALE  (W..-.V - 

_  ir~t-mi  _  OPERATOR — -?■■■...  pHV»  ■■■.'—» 


S.E27 

19*5 

195,2 

ISM 

mi 

2A92 


, *  M 


Tt'mt 


Figure  75.  HPLC  Analysis  of  HyE  1076 J 


TABLE  62 


TENSILE  PROPERTIES  OF  HyE  1076J 
COMPOSITE  LAMINATES 


Coapcuite  Material  Properties 

1  Matarxal  System  -  HyS 

1<T6J 

Prepreg  by  - 

Fiber!  te 

Gc/Eq 

Marcum*  Bated  Temperature  -  350V(l77*c) 

Laminate  Sp . 

Gr.  -  1.60/0;  1.64/90 

See  in  Content  -  35.3%/0;  24*5%/90  by  vt . 

Nominal  Ply  Thick  ness  ~0 .0053  in./0«0,0O49  in./90  j 

Fiber  Content  -  58.6%/G;  &9*4%/9Q  by  vol. 

No.  of  panels  front  which  specimens  were  tested 

f  Void  Content  -  4  0 

in  this  table  -  / 

J  thickness  of  each  type  specimen:  0*  -  6  ply  ?  90* 

IS  ply 

TSHSIOM:  0* 

■B3HZEB5— 

MEQZZESSma 

eHTTlUV'  1  — 

—  'iiiii  im 

F*“  [kail  (MPa) 

USS. 8|  (1356) 

(207.1)  (1427) 

- — — 

(232.31  (1601) 

(228.41  (.1573) 

Stnd.Oav. [tail (KPa) 

(15.11  (104! 

[13.41  (92  J 

(15.91  (UO) 

(8-6|  (59)  ' 

Range  ttsi] (MPa) 

1172.5  -  212.51 

(190.8  -  219.41 

(211. S  -  254.71 

[218.7  -  242.2] 

(1189  -  1471) 

(1315  -  1512) 

(14S7  -  17SS) 

(1507  -  1669) 

Mo.  of  Spec  mens 

5 

S 

5 

5 

f'p1  (ksiMKPa) 

(196.8)  (1356) 

(207.11  (1427) 

[232.3]  (1601) 

(228.42  (1573) 

Stnd.Oev.  (Icsil  (MPa) 

(15.11  (104) 

113.41  (92) 

[15.91  (110) 

(8.6)  (59) 

Mo.  of  Specimens 

5 

5 

S 

5 

(Rail (GPa) 

120.41  (141) 

(19.31  (133) 

(22.41  (1S4) 

(22.11  (152) 

Stnd.Qev. {Msil (CPa) 

10.51  (3) 

(1.01  n) 

(0.51  (3) 

11.41  (10) 

Mo.  of  Specimens 

5 

5 

5 

5 

tu 

ix  (lun/in!  (vicx/cm) 

8,600 

1C ,420 

9,900 

9,930 

Sttld.DBV. 

450 

360 

440 

530 

No.  of  Specimens 

3 

5 

5 

4 

t 

v*y 

0.32 

0.32 

0.31 

0.35 

Stud-  Dev. 

0.02 

0.02 

0.03 

0.03 

No.  of  Specimens 

5 

5 

5 

5 

Test  Method 
Reference 


Straight-sided  tension 
ASTM  D3039 


TENSION;  90* 

F*u  [kail (MPa) 

(4.731  (33) 

(5.661  (39) 

(3.811  (261 

— 

13.47)  (24) 

Stnd.Oov. [kei] (MPa) 

11.191  (8) 

10.87]  (6) 

(0.66)  (5) 

[0.46)  (3) 

Bang. 

[3.23  -  6.29] 

(4.53  -  6.521 

[2.87  -  4.681 

(2.67  -  3.83] 

(22  -  431 

(31  -  45) 

(20  -  32) 

(18  -  26) 

No.  of  specimen* 

5 

5 

5 

5 

rjpi  (kail (MPa) 

(4.731  (154) 

(5.661  (39) 

13.811  (26) 

13.471  (24) 

send. oev. [kfti] (MPa) 

(1.191  (8) 

10.37)  (6) 

(0.661  (5) 

[0.46]  (3) 

No.  of  Specimens 

5 

5 

5 

5 

Ey  (Mail (GPa) 

(1.691  (12) 

11-34)  (9) 

{1.37J  (9) 

11.301  (91 

Stnd.Dev, (Mail (GPa) 

[0.2J  (1) 

10.04)  (0.3) 

(0.11  (1) 

>'0.08!  (0.6) 

No .  of  Specimens 

5 

S 

5 

5 

eJU  ((Jin/inl  (pca/oa) 

2,760 

3 ,9GC 

1,640 

2,620 

Stnd.  Oev. 

560 

570 

500 

350 

to.  of  Specimens 

c 

5 

* 

t 

vyx 

0 . 0  26  1 

0.022* 

0.019 1 

0.020 1 

Stnd.  Oev. 

— 

—  - 

— 

— 

No.  of  Specimens 

— 

— 

— 

Test  Method 

Reference 

Straight-sided  tension 

ASTM  03039 

1 Computed  using  elastic  moduli l  and  longitudinal  Poisson's  ratio. 
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TABLE  63 


TENSILE  PROPERTIES  OP  HyE  1076J 
COMPOSITE  LAMINATES 


composite  Material  Properties 


Material  Sy*te*  -  8y*  1076J 
Fiber  -  1300/15 It  Mkcrxx  -  976 

.'■uuciaua  Hated  Temperature  *  3S0*F(1T7*C 

Resin  Content  -  25.3%  by  vt. 

Fiber  Concent  -  67.9%  by  wol. 

Void  Concent  *  0.2%  by  vol. 


Cr/Eg 


?r«pr«ij  by  -  Fib* rite  _ 

Leninite  sp.  Or.  -  1.62 

nominal  Ply  Thickness  -  0.0053  inert iO .  13  M%) 
Ho.  of  pan* Is  fro*  which  specimens  were  tasted 
in  this  table  -  10 
Thickness  of  specimen  -  8  ply 


TSKS1QH:  +45 • 


-67*F(-S5»C3 

72*I‘(22*CJ 

TMir'llMM 

r“  [kail  (MPel 

[27.49]  <189) 

! 

(22.231  054} 

[16.49]  (114) 

i 

j  [16.60]  (114) 

Send. Dev.  (kail  (MPa) 

[1.92]  (135 

:  [0.28]  (2) 

[0.791  (5) 

:  [1.29!  (9) 

Hangs  (kail  (MPa! 

i  [26.40  -  30.92] 

i  [22.0  -  22.73] 

[15.55  -  17.44) 

I  [15.33  -  18.71; 

(182  »  213) 

(152  -  IS 7) 

(107  -  120) 

:  (106  -  129) 

No.  of  Specimens 

5 

5 

S 

1  5 

! 

r^1  (kail  (MPa) 

[13.611  (943 

[6.42]  (44) 

[4.36J  (30) 

j  [4.21]  (29) 

Stnd.Oev. (ksi) (MPe) 

[3.62]  (253 

[1.85]  (13) 

[0.513  (4) 

(0.571  (4) 

No.  of  Specimens 

5 

5 

5 

5 

! 

e'  [Mail  (®«) 

[3.161  (22) 

[3.08J  (21) 

[3.09]  (21) 

[2.681  08) 

Stnd.Oev.  {Hail  (®e) 

[0.143  (1) 

[0. 10)  (1) 

[0.21  (13 

[0.17]  (1) 

Ho.  of  Specimen* 

5 

5 

5 

5 

C^1  [yia/inl  (Ucn/OB) 

12.120 

12 .670 

1B.B80 

34,400 

Stad.  Dev. 

2.390 

1.270 

8.820 

3,390 

No.  of  Specimens 

5 

31 

5  | 

2* 

0.67 

1 

0.67 

0.72 

0.71 

Stad.  Dev. 

0.05 

0.03 

0.05 

0.04 

No.  of  Specimens 

5 

5 

5 

5 

Tut  He thed 
Reference 


ASTM  D10  39 


TABLE  64 


TENSILE  PROPERTIES  OF  ByE  1Q76J 
COMPOSITE  LAMINATES 

Coapori!:*  Material  Jroportie* 


;utanil  Syetea  -  Sfl  10763 

fiber  -  7300/1 St  Matrix  -  *74 

aw <— ■  hud  ?enporatsxe  '  JS0*T1177*C) 

Seem  Content:  -  25.44  by  vt, 

fiber  Content  -  64.4*  by  dal. 

Void  Content  -  0.3*  by  tol. 

Thickaaea  of  eaeb  type  rpeciaem  20  ply 


Pxeprtts  by  -  ribenta  j  Gr/Ip 

Leninata  Sp.  Sr-  -  1,62 

Sonina!  >ly  Thiekneee  -  0.9040  inch  (0.13  an) 
Mo.  of  penela  froa  which  «peeia*:ie  were  tented 
in  thie  table  -  11 


(0.  *44.  -4S,  0,  0,  -45.  *45.  0,  90.  0), 


T"  (Sail  <»*) 

stnd.oev-  (kail  («•*) 
Senge  ikail(KPe) 

to.  of  Spec  inane 


(114.51  (WS) 

(7.91  (44) 
(104.9  -  124.11 
(750  -  443) 

5 


O20.ll  (4271 

(5.91  (41) 
(114.2  -  127.01 
(401  -  87$) 

s 


014.11  (014) 

[4.61  (45) 
(109.3  -  126.3} 
(753  -  470) 

$ 


Stud. Dee.  {tail (KTa) 
MS.  of  Specimen* 


014.41  (40S) 

(7.91  (54) 

S 


(120.11  (427) 

(5.9!  (41) 

S 


014.11  (414) 

(4.41  (451 
5 


(ItniKffl**) 

Stod.Oev.  Mtri  1  <094! 
To-  of  Spaeinene 


01.2}  (77) 

(0.51  (3) 

5 


[12.21  (44) 

10.71  (5) 

S 


(11.9}  (82) 

(0.41  («) 

5 


[Win/ In  i  t Wea/tn) 

St&d.Oa v. 

Mo-  of  Speeiaan* 


stub.  Dae, 
M>-  of  Spi 


Teat  Method 
reference 


arm  01034 


(0.  *45,  -4$,  0  .  0,  -45,  *45  ,  0,  90.  Q),  nltfc  0.1935  inch  (0.491  oa)  hole 


T*  (Set )  (!•>) 

Stad.Dev.  (kail  0*a) 


mo.  of  Spaeinene 


Stad.Dev.  (kail (MPa) 
eo.  of  Speeiaaaa 


Uj  I  Mall  icpe) 

S ted. Dev. (Mail  (S»») 

sc.  ef  Speciaem 


tyU  ipin/inl  (Ueia/tBj 

Send.  Dev, 

do.  ef  speciaena 


Stnd.  Oev. 

ns.  ef  Speciaent 

bee*  nee  lied 

reference 


Saee  felled  on  one  ipecsaaa  prior  tr»  end  ef  teat. 
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0  0.002  0.004  0.006  0.008  0.010  0.012 

ST  RAIN  (IN/ IN) 


Figure  79.  Tensile  Stress-Strain  Curves  for  Multidirectional 
HyE  1076J  Composite  Laminates:  (0,45-45,0,0,-45, 
45,0,90,0) s  Fiber  Orientation. 


TABLE  65 


COMPRESSIVE  PROPERTIES  OF  HyE  1076J 
COMPOSITE  LAMINATES 


Co^poeite 

Material  Properties 

M* tecial  System  -  107$J 

Prepreg  by  - 

Fib*  cite 

Gr/Epoxy  j 

Fibar  -T300/15K  Matrix  -  976 

Maxis**  Sated  Temperature  -  350*F(i77*C) 
Rosin  Content  -  24.3%  by  vt. 

Fibar  Content  -  69.5%  by  vol. 

Void  Content  -  *  fli  by  vol. 

. 

_ _ 1 

Laminate  Sp,  Gr.  -1.63 

Nowinal  Ply  Thickness  -0.0050  indt(0.I3 

No.  of  panels  Crom  which  specimens  were  tested 
in  this  table  -  2 

Thic3oi«ss  of  cacti  type 

specimen:  Q*  -  20  ply  ;  90*  -  20  ply 

COMPRESSION;  0* 

-67*F(-S5*C) 

?2*F{22*C) 

260  *F  (127*C) 

350*F(177*C) 

F*u  (ksi)  (MPa) 

[223.4]  (IS  39) 

[218.21.  (1503) 

[170.9]  (1178) 

(158.5)  (1092) 

Stud. Dev.  [ksi)  (MPa) 

[21.8]  (ISO) 

[34.7)  (239) 

[37.1]  (256) 

[29.31  (202) 

Range  [kill  (MPa) 

[195.7  -  253-5) 

(161.9  -  248.11 

[111.1  - 

205.1) 

(124.2  -  185.61 

(1348  -  1747) 

(1115  -  1709) 

(765  -  1413) 

(856  -  1279) 

So-  of  Specimens 

5 

5 

5 

5 

F^1  ikslj  (MPa) 

(63.81  (440) 

[116.7]  (804) 

[62.9]  (433) 

(86.4]  (595) 

Stnd.Dev.  (ksij  (MPa) 

(20.01  (138) 

[88.9]  (613) 

[30.01  (207) 

(34.6)  (238) 

Ho.  of  Specimens 

5 

s 

5 

5 

(Hsil(GPa) 

[21.9]  USD 

[21,8)  (150) 

[21.4]  (147) 

(22.9)  (158) 

Stnd.Dav.  [MSil  (GPa) 

[4.4]  (30) 

[2.9]  (20! 

[5.7]  (39! 

[3.01  (21) 

No.  of  Specimens 

5 

5 

5 

5 

€^U  [uxn/inl  Cuco/ck) 

14,500*’’  2 

D.SOOv1’1 

8,900 -t-1*3 

9,400 

Stud.  Oav. 

4.600 

4,000 

2,700 

3,700 

No.  of  Specimens 

5 

5 

5 

5 

Test  Method 

Reference 

asm 

03410 

COMPRESSION:  90* 

FyU  [ksil  (MPa) 

[35.1]  (242) 

£30.81  (212) 

(22.61  (156) 

[19.1]  (132) 

Stnd.Dav.  [ksil  (MPa) 

[6.5)  (45) 

[1.3]  (9) 

(2.4)  (17) 

(2.2)  (15) 

Range 

[26.7-44.91 

[26.7-31,91 

(19.4-25 

.7) 

[17.3-22.81 

(184  -  309) 

(184  -  220) 

(134  -  177) 

(119  -  157) 

No.  of  Specimens 

5 

5 

5 

5 

(kail  (MPa) 

(9.9)  (681 

[11.01  (765 

[4.51  (31) 

(7.11  (49) 

Stud. Dev.  [ksi]  (MPa) 

(3.9)  (27) 

[1.91  (13) 

[1.0]  (7) 

[3.7]  (25) 

No.  of  Specimens 

5 

5 

5 

5 

[MSil  (GPa) 

[1.84]  (13) 

11.46]  (10) 

(1.84)  (13! 

[1-641  (11) 

Stud. Oav.  [Mai)  (GPa) 

[0.31)  (2) 

[0.191  (1) 

[0 .68]  (4) 

(0.321  (2) 

No.  of  Specimens 

5 

5 

5 

5 

CU 

€y  [yin/ini  Cyca/ca* 

22,10O+l»* 

32,300+V 

17,600 

14,200+  l>2 

Stnd.  Dev, 

6  r  400 

14,400 

6,700 

Wo «  of  Specimen* 

5 

s 

7 

5 

Test  Method 

Reference 

hSTH  03410 

‘Ultimata  *train  value  repreeanta  mtIc  obumd  itnia  rather  than  ultimate  vaivwe . 

2 Three  of  five  specimens  exhibited  evidence  of  buckling. 

’two  of  Civ  specimens  exhibited  avid*  oca  of  bock  ling. 

“one  of  five  specimens  exhlb; tad  evidence  of  backllag. 
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Figure  31.  Compressive  Stress -Strain  Curves  for  Unidirectional 
HyE  1076J  Composite  Laminates:  90°  Fiber 
Orientation. 
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33BLS  66 


TLSXHSXL  PROPERTIES  OF  HyE  1076J 
COMPOSITE  iamhowces 


Material  Systea  -  Hy£  1DT6J 

Tiber  -  T300/13X  J*WOa*  -  97* 

Maxi an  Baaed  'Qaapasatur*  -  35C*FU77*C 
Raexn  Con  cant  -  25.lt  ijy  «t. 

fiber  Content  -  60.0%  toy  ml. 

I  void  content  -  0.6%  by  ml. 

Prnp»3  by  - 

Fi&axiiai 

Sr/Ep 

iaadaata  Sp.  Sr.  -  1-62 

Hntftal  Ply  Thickna**  -  0-0050  inch  10.13  aeu 

Mo.  of  panel*  from  which  apart— ne  wore  stated 
in  this  table  -  2 

Thickness  of  each  type 

apacxnan:  0*  -  14  ply  •  go*  .  u  ply 

|  fTJESUJg:  0* 

,  '  "1 

-67*T(-55*C)  . 

.  72*f(22*« . 

2w*r<  127*0 

350*T(i77+a  T 

{ 

H[u  (tail  (KPe) 

[2*1.91  (1804) 

(190.11  (1310) 1 

[156.81 (1080) * 

{125.91  {12811* 

Stad.pav.  (kail  (MPa) 

(13.9)  (9*) 

[3-61  (25) 

(11.51  (79) 

[S.21  {56) 

aaoga  [kail iriPa) 

[239.3  -  276.31 

[ie«.3  -  195.81 

(148.1  -  176.2) 

11715.0  -  197.41 

(1649  -  1904) 

(1284  -  1349) 

(1020.-  1214) 

(1226  -  1350  '. 

no.  of  Spaeiaana 

5 

5 

5 

4 

t*  (Mail  «3>a) 

C18.6)  (.U85 

(14.91  (103) 

[13.11  (90) 

[18.31  (12*) 

send. Dav.  [Mail  «3>a> 

(0.7)  (5) 

(0.71  (5) 

[0.81  (6) 

(1.11  (B) 

Ho.  of  Spaeiaana 

5 

s 

5 

4 

Teat  Method 

3  pt.  flax. 

4  pt.  flax. 

4  pt.  flax. 

3  pt.  flax. 

la fare nee 

Jktaacftd  coapcBie*  Otaign  Gui.dmj  1371 

ItBMi  SO* 

?**  [kail  (KPa) 

UP. 311  (71) 

[8.791  (60) 

(7.421  (51) 

[7.031  (48) 

Stnd.Ssv.  [kail  (MPa) 

(1.521  (10) 

(1.19)  (8) 

(1.371  (9) 

[1.1*1  (8) 

Range  [kail  (MPa) 

[8.34  -  11.78] 

[7.38  ~  10.461 

[5.85  -  9.06] 

[5. M  -  8.66] 

(57  -  81) 

(SI  *  73) 

(40  -  62) 

(40  -  *0) 

HQ,  erf  Tipfilfini 

5 

5 

5 

5 

E*  [Mail  ((SPa) 

[1.841  (13) 

[1.71]  (81) 

(1.621  (11) 

[1.45]  (10) 

Stad.Oev. [Hail (SPa) 

[0.211  (1) 

[0.161  (1) 

[0.10]  (1) 

[0.171  (1) 

m.  of  spaeiaana 

5 

5 

5 

S 

teat  Method 

4  pt. 

flexure 

Reference 

idrancad  Coapoaita  Daaign  Saidas  Jaa.  1971 

lill  failuraa  in  cn union  on  lower  aurface . 

JXii  ipteimni  •ahibic  cnapxeeeiva  failure  on  upper  surface. 

'Xii  ipacuaana  •  ambit  coapmasim  failure  »  -Vp«r  surface.  Ona  tpeciswa  tasted  in  4  pt. 

flame*  failed  in  ahaar  at  a  load  corraspanding  to  a  flexural  itnu  at  14S.7  tan  UQ04  MPa)  . 
‘Thu  procedure  corresponds  to  as  in  0790  escape  lot  loading  spoad  tad.  in  the  saae  at  efta 
4  pt.  taat,  tha  position  of  the  i^per  loading  point*. 
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TABLE  67 


SHEAR  PROPERTIES  OF  HyE  1076J 
COMPOSITE  LAMINATES 


Caepoext*  Merexial  Properties 

Material  Swcmx.  -  HyE  1076J  Prepret;  by  -  Fibents  Sr/Ep  j 

a*t«d  'i'lMstratun  -  3S0*F(177*C)  laaiaarA  Sp.  <xr.*  l  *6J 

7**"  ““  .  ■*»**-—  1  Ply  Bucks— «  *  0 .0052  men  0-23  am) 

a**ir.  Content  •  24.7%  by  wt.  * -J 

Fiber  Content  -  58.8%  by  w»l.  80 •  oi  P«»el*  froe  which  specimens  were  seeced 

void,  content  -  -0.1%  by  vol-  **  thie  table  - 

Thickness  of  each  type  rpemeen  -  lepreae  -  8  ply  t  Interlaminar  -  15  ply 

Tyyr^Mr  jgnpka 

nTiTn:.ii  i— 

■rrnfimn— 

r^J  [iail  Offal 

scad. Dev. [ksi] (HP*) 
Range  ikii]  Offal 

no.  of  specimens 

c£y  [Mail  <®*> 

S tad. Dev.  IMeil  (®ei 

So.  of  Specimens 

test  (letbod 

Reference 

113.751  (95) 

(0. 961  (71 

113.20  -  15.461 
(91  -  107) 

5 

11.001  (/> 

[0.07]  (1) 

5 

J.  Coe 

(11.141  (77) 

[0.141  (1) 
(11.08-U.36I 
(76-78) 

5 

[0.921  (6) 

[0.051  (1) 

5 

*45*  *treight-*idi 
p.  Otis.  (Vol.  6. 

[8.251  (57) 

(0.39)  (3) 

[7.78  -  8.72) 

(54  -  60) 

5 

[0.891  (8) 

10.051  (1) 

5 

id  taneion 

f.  252  i  Vol.  7,  p. 

[8.301  (57) 

[0.651  (4) 

[7.67  -  9.36] 
(53-64) 

S 

[0.77]  (5) 

[0.06]  (1) 

5 

124) 

aasttMOMU  msuk 

risu  [k«i]  Offal 

Send. Dev.  [ksi]  Offal 
Range 

ho.  of  Specimens 

(16.621  (115) 
(2.121  (15) 
[14.24  -  19.64] 
(98  -  135) 

5 

[12.871  (89) 
[2.36!  (16) 

[9  42  -  17. U) 

(65  -  118) 

10 

[9.361  (64) 

(0.951  (6) 

[8.59  -  10.79) 

(J9  -  74) 

S 

[8.601  (59) 

[0.69!  (5) 

[7.72  -  9.56] 

(53  -  66) 

5 

TMt  Necbod 
Reference 


ASTM  02344 


0  0.005  0.010  0.015  0.020  0025  0030  0035  0040 

5TRAINUN/IN) 

Figure  82  .  inpiane  Shear  Stress-Strain  Curves  for  HyE  1076  Composite  Laminates 


CURVE 


weight  mm  mmm 

HUMIDITY  AGING 

«» m  m j 


0  -  DRY  GONWL 

0.77 

1.17  - 


o  -  dry  c»rai 

0.76 

1.17  -  SMUMSI 


O.OOI  0.002  0.003  0.004  0.005 

STRAIN(IN/IN) 


Figure  83  . 


Tensile  Stress-Strain  Curves  for  Unidirectional 
HyE  1076J  Composite  Laminates  After  Humidity-  Aging 
at  160°F  (71*0)  and  100%  R.H.;  90°  Fiber 

Orientation. 
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0  0.005  0.010  0.015  0.020  0.025  0.030  0.035  0.040 

STRAIN0N/IN) 

Figure  84 .  Compressive  Stress-Strain  Curves  for  Unidirectional  HyE  1076J  Composite 
Laminates  After  Humidity  Aging  at  160°F  (71°C)  and  100%  R.H.j  90°  Fiber 
Orientation. 


wM\ 


CREEP'  PROPERTIES  OF  HyE  1075J 
COMPOSITE  LAMINATES 

Ceepoaite  notarial  (npwtlM 


Katcxi *1  syvua  -  By*  10763 

floor  -  T3CC/15M  mmx1«  *  974 

tuun*  Taaperatur*  Setting  -  3Sa*r(i77*c; 

tesi n  Content  -  IS.  2%  by  we. 

fiber  Content  -  68-04  by  voi. 

void  content  -  4  3.34  by  vol. 

Ttit  Method  •  5tr*igbt~*ided  tension 
Wuun  -  USX  02290  ud  03039 


fraprey  by  -  fiberita  I  Sc/t& 

Laeieate  Sp.  S*.  -  1.62 
Hoaistl  Ply  TXicfcaaaa  -O.OQ53  iaefa<0.13 
Mo.  of  panel*  fra*  which  ipaciMiu  wra 
tested  in  this  table  -  IS 
Tblnkaaes  of  each  typo  specimen. 

0/45/90  -  20  ply 
♦45  -  t  ply 


Twperature  Fiber  Orientation 

V3'i7  (22*0  SCxeae  Level  (kailWa) 
Creep  Strain,  500  hr  (4) 

Mo.  of  Specteerni 
Meeiduel  Stxanythiksi} (MPa) 
Me.  of  tporiwn* 


SCzee*  level  [k*i)  (HP*) 
creep  5 train,  500  hr{%) 

Me.  of  Specimens 
Mwirtinl  Sttenytblksi]  (We) 
Mo.  of  Baootmano 


4 tree*  level  [kail  Wa) 
Creep  (train,  500  hx(%) 

Up ,  Qf  {ppQinpm 

Mooirtaal  Stranytbtkail  (*»«) 
Mo.  at  (per lean* 


(0.+4S. -45,0,0, -45, +45. 0,90,0), 

{93.51  (544) 

0.0239 

1* 

[130.9]  (902) 

1 

[91.8]  (544) 

0.0121 

3 

015.4]  (796) 

3 

[70.11  [493) 

0.0254 

1 

(104.3)  (719) 

1 


240*7(127*0  Strew  level  [kali  We) 
Creep  strain,  500  hr (4) 

Me.  of  Spanimer* 
bosiOaal  Strength I kal)  Wa) 
Mo.  of  spociaeaa 


Straw  Level  [kail  (MPa) 
Czaap  serais,  500  hr<») 

Mo.  of  ^wifa no 
Sosidaal  StranychOcsi.)  Ml! 
Mo.  of  twin, WHS 


straw  Laval  [kail  Wa) 
Creep  strain.  500  hr (4) 

Mo.  of  spocimans 

Maiiflns  1  seranythlkai)  Wa) 

Mo-  of  Specimen* 


150*7(177*0  Straw  level  [killwn 
Creep  Strain,  500  hr(41 
mo.  of  spooiaea* 

Moaidaal  straagtatksi)  Wa) 
Mo.  of  Spebiwas 


stseaa  level  (kali  Wo) 
Creep  Strain,  500  hr(%) 

Mo.  of  specimens 
•eaiOoai  itrengtnlksil  Wa) 
Mo.  of  SpoHaan* 

Stress  level  [kail  wa) 
creep  strain,  500  hr(t) 

Mo.  of  tperj  wn* 

MwlSual  strength  Otar)  wa) 
Me.  of  Spocinaa* 


[94.11  (442) 
0.0003* 


[134.31  (925) 
1 

[•4.1]  (579) 
0.0002 
3 

[111.41  (768) 
3 

[72.0)  (494) 
0.0109 
3 

[111.51  (7S9) 
3 


[94.51  (451) 

0.01S3  7 
2 

1119.2)  (821) 
-2- 

[82.71  C57Q) 
0.06  0  7 
3 

[112.01  (772) 
3 

[70.91  1489) 
0.0754 
3 

[US. SI  (7M> 
3 


'three  (peeieeos  failed  on  loading  or  Serine  test. 

“Strain  encwSoS  Halt*  of  gage  capabilities  prior  to  end  of  teat, 
‘two  *poc  ien*  brake  on  loosing. 

'0a*  spec  teen  failed  ■4orim)  ewt. 

‘strain  yap**  failed  os  two  specie* no  during  test. 

‘two  speciwas  failed  during  test. 

Co*  specxwn  failed  oo  leadiay. 


[20.051  (138) 


[17. S3)  (123) 
0.3005 
3 

[24.40]  (14S) 
3 

[15-601  (107) 
0.2074 
3 

(23.35)  (141) 
3 


[13.191  (91) 
_ i 


[22.451  (US) 
3 


[11.55]  (80) 
0.3870* 


[33.731  (157) 
2 

(9.901  (48) 
0.4191 
3 

[20.88)  (144) 
3 


U3.2B1  (91) 


121.44)  (149) 
3 

(U.421  (Ip) 
0.4734 
1 

[20.93]  (144) 
3 

[9.941  <f9> 


[19.521  (134) 
3 
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STRAIN  (fi in /in) 


33.46  ksi 


81.77  ksi 


70.09 ksi 


8405  ksi 


72.04  ksi 


TABLE  70 


STRESS-RUPTURE  BEHAVIOR  OF  HyE  1076J 
COMPOSITE  LAMINATES 


'Two  iptciMiU  broka  on  loading. 

2  Two  spaciMfia  broke  during  taa*. 
3Ona  spaceman  broke  on  loading* 
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TABLE  71 


TENSILE-TENSILE  FATIGUE  PROPERTIES  OF 
HyE  1076J  COMPOSITE  LAMINATES 


Composite  Material  Properties 


Material  Systoa  -  By8  1076J 

filar  -  T3O0/15K  Matrir  -  976 

mm mg  Taapezaeura  Rating  -  3S0*T(177*C) 

Resin  Content  -  2S.2\  by  wt. 

Fiber  Content  -  66.1%  by  voi. 

Void  Content  -  0.2%  by  voi. 


Prapssg  by  -  fiberita 


Or/Ep 


Teat  Method  -  straight-sided  tension 
Reference  -  ASTM  03039 


laminate  Sp.  Sr.  -  1.32 

Domical  Ply  Thickness  -  Q.Q0S2  in**  ;0.13  me) 
(to.  of  panels  from  which  specimens  were  tested 
in  this  table  -  20 
Thickness  of  each  type  specimen: 

£45-8  ply 
0/+45/90  -  20  ply 


TOBZLE 

fatigue’.  R-0.1 

Temperature 

fiber  Orientation 

+45* 

0/+45/S01 

0/+45/90V1 

72*F(22*C) 

Max.  Stress  (kail  (MPa! 

(17.82)  (123) 

(10S.1)  (724) 

)97.41  (671) 

Li  fa  time  (cycles) 

5,701 

19,153 

735 

No.  of  specimens 

S 

5 

2 

Residual  Strength  (ksi] (MPa) 

— 

~ 

— 

No.  of  specimens 

0 

0 

0 

Max.  Stress  [kali  (MPa) 

(15.60)  (107) 

(102.2)  (704) 

(92.9)  (640) 

Lifetime  (cycles] 

130,004 

182,507 

6421 

Ho.  of  Specimens 

5 

3 

4 

Residual  Strength  (ksi]  (XPe) 

—am 

' 

do.  of  Specimens 

0 

0 

0 

Max.  Stress  Cksi  ]  (MPa) 

(14.48)  (100) 

[99.3]  (684) 

(88.5)  (610) 

Lifetime  (cycles) 

1,120,500 

598,592 

94,313 

No.  of  Specimens 

4 

5 

5 

Msidnal  Strength  [ksi]  (MPa) 

— - 

— 

[119.3]  (815) 

No.  of  Specimens 

0 

0 

1 

2*0  <127*0 

(tax.  Stress  (ksi)  (MPa) 

£14.03)  (97) 

[108, 1)  (745) 

Lifetime  (cycles) 

23,206 

4,850 

No.  of  Specimens 

5 

4 

Residual  Strength  (ksi)  (MPa) 

No.  of  Specimens 

0 

0 

Nex.  Stress  (ksi)  (.(Pa) 

(13.19)  (91) 

[96.1]  (662) 

Lifetime  (cycles) 

71.048 

34,188 

Ho.  of  Speciusns 

c 

5 

Residual  Strength  (ksi)  (MPa) 

1  '■  ■" 

No.  of  Specimens 

0 

0 

Max.  Stress  (ksi)  (KPa) 

[12.37]  (85) 

[90 .1]  i521> 

Lifetime  (cycles) 

488,973 

1,438,8*1 

No.  of  Specimens 

5 

5 

Residual  Strength  (ksi]  (KPa) 

No.  of  Specimens 

0 

0 

‘stacking  sequence  (0  ,*45  .-45  ,0  ,0.  -45, *45 .0.90 ,0) 

2 These  specimens  had  s  0.1935  in4i  (0.491  cm)  hole  ia 
Stresses  calculated  using  net  cnees -sectional  area, 
‘fatigue  lifetimes  are  log-mean  valuss. 


the  center  oC  the  test  section. 


72#F 

260°F 


TABLE  72 

THERMDPHYS ICAL  PROPERTIES  OF  HyE  1076J 
COMPOSITE  LAMINATES 

Composite  Material  Propartias 


Material  System  -  HyE  1076J  Praprag 

FA bar  -T300/1S K  Matrix  -  976 
Maxima  Tanparatur*  Ratbag  -  350*F(177*C) 

Basin  Content  -  25. 6%  by  wt. 

Fibar  Contant  -  67.7%  by  vc.1.  ttol  °*  J 

Void  Contant  4  0%  by  wol.  111  tWj 

Thickness  of  each  type  *paci2*»ns  Them.  Exp.  -  40  ply 

Therm.  Cond.  -  40  ply 


Prapreg  by  -  Fiberite  !  Gr/Spoxy 

Lanina ta  Sp.  Or.  -  1.62 

Average  Ply  Thickness  *  0.00050  inch (0.13  on) 
Mo.  of  panels  from  which  rparimana  wars  tested 
in  this  table  -  2 

>  40  ply  Spec.  Ht.  -  l  ply 

-  40  ply  Glass  Tran*.  -  8  ply 


mcxopsaicu.  pacpebtxxs  :  o* 

-67*P(-S5,C)  72*F(22*C)  260*F(l27*C>  3SO*F(177*C) 

i  ii  I  i  ■iiunn—  an  i'  ■— a— m  i»  -wiik,  i.uanaa  MaaasiMMaMMi  ssMaBaaMMaa  MManaaaMMMMai  MManaauaaaaaaMi  a 

Thermal  Slipannion^ 

ajjUlin/in-VP)  (ycmAa*-*C>  [0.061(0.15)  [-0.30H-0.S41  [-0.24U-0.44)  1-OilSK-O . 32) 

ay[yir/ln-«Fl(licaVc«-*C)  !12. 51  (22.5)  [12.61  (24.4)  [17.41(31.4)  [19.21(34.6) 

Ho.  of  Spacisana  per  33  33 

’  direction 

i 

t  t 

Specific  Hoax: 

CpIhta/lh.-THJ/kq-’C)  (0.1531  (640)  [0.2051  (860)  [0.2741(1150)  [0.3301(1380) 

So.  of  Specimen a  33  33 


Teat 

Method 


10.371 

(0.64) 

3 


(5181  (270) 
(4931 (256) 


Comparative 


TBENCIMKSXCM.  PBOPXRTZXS:  +45* 


Therms 1  Conductivity2- 
k2 (btu- ft/ft2-hr- *F 1 
(W/m-*C) 

So-  of  Specimens 

Glass  Transition  Tamp . 
Dry  (“DCC) 

Mat  (•FH«C) 


Thermal  Expansion  2 
axlUin/in-*Fl  (Urtm/arr- 

so.  of  Specimens  par 
direction 

Thermal  Conductivity1- 
kj [btu-ft/ft2-hr-’Fl 
(W/a-’C) 

So.  of  Specimens 


MOTES  1 1.  On  the  unidiraeti  easily  raim'orcud  specimens,  the  x-diractior.  is  along  the  fibar 
aaiSf  the  y-diraction  is  aortas  the  fibar  *xi* ,  and  tha  t-direetion  ik  through 
the  thickness  (identical  to  tha  /-direction) .  On  *45*  bi directionally  reinforced 
specimen.  tha  x  and  y  directions  art  identical  and  oriented  at  45*  to  either 
fibar  direction,  while  tha  r -direction  ia  through  tha  thickness. 

2.  The  rno-Me  char  leal  Analysis. 

3.  Differential  Scanning  Calorimetry. 

4.  Dynamic  Mechanical  Analysis. 


— 

[1.71  (3.1) 

3 

[1  41  C.6) 

3 

[1.41  (2.55 

3 

11.51  (2.7) 

3 

[0.281 

(0.48) 

3 

[0.39! 

(0.67) 

3 

[0.531 

(0.92) 

3 

[0.611 

(1.05) 

3 

Comparative 


TABLE  73 

COMPARISON  OF  934  AND  976  RESIN  PROPERTIES1 

RESIN  934  976 

VISCOSITY,  cps  6,000-12,000  6,000-12,000 

*At  75  +  0.5°C 

♦Brookfield  Model  HBT  Viscometer 
♦Fiberite  FTM-V-9  Test  Method 


GEL  TIME,  MINUTES  8-16  15-30 

♦At  170  +  10°C  (934),  177  +  1*C  (976) 

♦Fisher-Johns  Melting  Point  Apparatus 
♦Fiberite  FTM-G-3  Test  Method 


SPECIFIC  GRAVITY  OF  CORED  RESIN 


1.30 


*At  23  +  2*C 
♦Analytical  Balance 
♦ASTM-D-792  Test  Method 


X  WEIGHT  LOSS  .450 


*RT  to  200 °C 
♦T.G.A. 

♦Heat-Up  rate  —  5°C/Min 


CAST  RESIN  PROPERTIES 


♦Tensile  Strength,  ksi 
♦Tensile  Modulus,  msi 
♦Tensile  Elongation,  % 


8,000-10,000 
.3  -  .5 
3 


♦Mean  Glass  Transition  Temperature,  *C  214 


1.28 


.255 


8,000-10,000 
.3  -  .5 
5 

250 


1All  data  in  this  table  provided  by  FIBERITE. 
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TABLE  74 

COMPARISON  OF  DRY/WET  MECHANICAL  PROPERTIES1 


hr-K  1Q34C 

fcy-E  1076c 

CURED  LAMINATE 

Resin  Content,  X 

24.0 

25.7 

Fiber  Volune,  Z 

70. G 

68.6 

Void  Content,  X 

0 

0 

Specific  Gravity 

1.62 

1.63 

Nominal  Cured  Fly  Thickness,  In. 

.005 

.005 

0°  FLEXURAL  STRENGTH.  KSI  (Nara&lized  to  631  rifeer  volume) 


RT,  Dry 

273 

282 

RT,  Wet 

NT 

281 

250°F,  Dry 

NT 

266 

25G*F,  Wet 

377 

226 

350 °F,  Dry 

197 

215 

350°F,  Wet 

63 

140 

0°  FLEXURAL  MODULUS,  MSI  (Normalized  to  65*  fiber  volume) 


RT,  Dry 

20.4 

20.5 

RT,  Wet 

NT 

20.1 

250°F,  Dry 

NT 

19.5 

250°F,  Wet 

19.5 

20.4 

350°F,  Dry 

20.2 

19.4 

350*F,  Wet 

10,0 

18.8 

SHORT  BEAM  SHEAR.  KSI 

RT,  Dry 

17.7 

17.1 

RT,  Wet 

NT 

14.2 

250*F,  Dry 

12.8 

12.3 

250*F,  Wet 

6.8 

8.2 

350*F,  Dry 

7.9 

10.4 

350*F,  Wet 

4.1 

5.5 

1  All  data  in  this  table  provided  by  FIBERITE. 
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4.6  G-iuO/6535-1 


This  graph! te/epoxy  system  was  developed  by  AVCO  and 
consists  of  a  160,000  filament  graphite  fiber  tow  (G-16G)  in 
a  350®F  (177°C)  epoxy  matrix  resin.  Both  the  fiber  and  resin 
are  manufactured  by  AVCO.  The  advantage  of  such  a  large  filament 
tow  is  that  prepreg  costs  can  be  considerably  reduced. 

Tables  75  through  87  present  the  data  generated  for 
this  graphite /epoxy  system.  Figures  90  through  105  illustrate 
the  stress-strain,  fatigue,  and  creep  behavior  of  this  material 
as  well  as  the  effects  of  humidity  aging  upon  selected  composite 
properties . 

The  resin  in  this  prepreg  proved  to  be  a  very  high  flow 
material  and  it  was  difficult  to  avoid  laminates  with  fiber 
content  levels  lower  than  65-70%  by  volume,  even  with  greatly 
reduced  bleeder  material  and  sealed  layup  bags.  Although  the 
acid  digestion  technique  for  determining  fiber  and  resin  content 
produced  consistent  fiber  content  levels  of  65-73%  by  volume 
for  the  panels  fabricated  by  several  different  layup  schemes 
and  cure  schedules,  photomicrographs  of  the  laminate  cross- 
sections  seemed  to  indicate  lower  fiber  contents  for  the 
tested  laminates. 

Figure  92  presents  photomicrographs  of  two  G-1G0/6535-1 
laminates  fabricated  according  to  different  layup/curing  schemes 
and  also  of  a  T300/V378A  laminate.  Pertinent  laminate  physical 
property  measurements  are  presented  for  each  laminate  along  with 
comments  based  on  inspection  of  the  photomicrographs.  It  would 
appear  that  the  fiber  packings  for  panels  K-2  and  1-19  are  com¬ 
parable  (disregarding  the  voids  in  K-2)  while  that  for  panel 
K-31  is  slightly  less  (more  average  space  between  fibers) .  This 
would  infer  an  approximately  equivalent  fiber  content  for  panels 
K-2  and  1-19  and  a  lower  fiber  content  for  panel  K-31.  As  can 
be  observed  from  the  data  accompanying  the  photomicrographs,  this 
result  was  not  obtained  experimentally.  Since  the  fiber  packing 
obtained  for  panel  K-31  did  not  appear  unreasonably  dense  and  was 
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comparable  to  that  obtained  for  previous  materials  which  ex¬ 
hibited  fiber  content  levels  of  around  65%,  it  was  decided 
to  proceed  with  the  cure  schedule  and  layup  scheme  used  for 
K-31  and  described  in  Table  75  and  illustrated  in  Figure  90 
and  simply  report  the  measured  fiber  contents  with  this 
commentary . 


TABLE  75 

PROCESSING  CONDITIONS  FOR  G- 160/6 535-1  COMPOSITE  LAMINATES 


Composite  Processing  Information 

Material  System  -  G-16G/6535-1 

Fiber  -  G-160  Matrix  -  6535-1 

Gr/Ep 

Maximum  Rated  Teir$>erature  -  350°F(177°C) 

Prepreg  by  -  avco 

Laminate  Processing  Schedule 


Layup  Procedure:  The  prepreg  was  stored  in  a  closed  wrapper  at 
room  temperature.  Prepreg  was  removed  from  wrapper  and  plies 
cut  to  desired  size  using  a  razor  knife.  Plies  were  stacked 
in  the  desired  sequence  (release  paper  removed  from  each  ply) . 
The  stack  was  placed  in  the  autoclave  according  to  the  layup 
system  illustrated  in  Figure  90.  The  corprene  edge  dam  serves 
to  restrict  fiber  flow. 


Cure  Schedule :  Apply  full  vacuum  and  heat  to  265°F  in  45  +  5  mins, 
under  full  vacuum.  Hold  at  265°F  for  30  mins.,  then  apply 
100  psi .  Heat  to  350°F  in  20  +5  mins.  Hold  at  350 °F  for 
two  hours.  Cool  under  pressure,  and  vacuum,  to  120°F. 


Postcure  Schedule:  The  panels  were  placed,  unrestrained,  in  an 
oven  at  room  temperature.  The  oven  was  brought  to  375°F  at 
rate  of  about  5°F/min.  After  a  four-hour  hold  at  375°F,  the 
oven  was  turned  off.  When  the  oven  was  cooled  to  near  room 
temperature,  the  panels  were  removed. 
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TABLE  76 


PREPREG  AND  COMPOSITE  PHYSICAL  PROPERTIES 


Composite  Physical  Property  Information 


Material  System  -  G-160/6535-1 

Fiber  -  G-160  Matrix  -  6535-1  _ 

Maximum  Rated  Temperature  -  350°F{177°C)  Prepreg  by 


Gr/Ep 


-  AVCO 


Prepreg  Physical  Properties 


(Property)  (Stnd.Dev.) 

Volatile  Content  -  0.20%  by  wt.  0.06 
Resin  Content-  41.5%  by  wt.  1.7 
Gel  Time  @  327°F(164°C)-38.2  0.6 

No.  of  Rolls  Involved-  2  mn‘ 

No.  of  Batches  Involved-  1 


(Range)  (Test  Method)  (Ref.) 


0.13-0.28 

39.3-44.1 

37.2-38.7 


QCI-C-V-14 

R-15 

G-2 


Fiberite 

Fiberite 

Fiberite 


Laminate  Physical 


Properties 


1 


No.  of  Panels-  34 
Fiber  Content-  68.4%  by  vol. 
Resin  Content-  25.7%  by  wt. 
Void  Content-  =>  0%  by  vol. 
Laminate  Sp.  Gr.-  1.61 
Fiber  Sp.  Gr.-  1.75 
Matrix  Sp.  Gr.-  1-26 
Thickness  per  ply- 


(Stnd.Dev.)  (Range)  (Test  Method)  (Ref.) 


1.2  66.1-71.5)  Acid  Digestion 

1.0  22. 9-27. 3 J  AFML-TR-67-243 

D2734  ASTM 

0.01  1.59-1.63  D792  ASTM 

As  reported  by  manufacturer. 

As  reported  by  manufacturer. 


^The  properties  reported  here  represent  averages  for  all  panels  of  this 
material  used  throughout  the  program. 
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(a)  6-160/6535-1 
PANEL  K-2 

EARLY  CURE  SCHEDULE  /LAYUP  SCHEME 
FIBER  CONTENT  -  69.0%  BY  VOL. 
SPECIFIC  GRAVITY  -  1.58 
RESIN  CONTENT  -  23.8%  BY  WT. 

VOID  CONTENT  -  1.2%  BY  VOL. 

VISIBLE  VOIDS 


G-160/6535-1 
PANEL  K-31 

FINAL  CURE  SCHEDULE /LAYUP  SCHEME 
FIBER  CONTENT  -  68.5%  BY  VOL. 
SPECIFIC  GRAVITY  -  1.61 
RESIN  CONTENT  -  25.7%  BY  WT. 

VOID  CONTENT  -  0 

FIBER  PACKING  LESS  DENSE  THAN 

FOR  PANEL  K  2 


T3Q0/V378A 
PANEL  1-19 

FIBER  CONTENT  -  65.2%  BY  VOL. 
SPECIFIC  GRAVITY  -  1.59 
RESIN  CONTENT  -  28.2%  BY  WT. 
VOID  CONTENT-  0 
FIBER  PACKING  COMPARABLE  TO 
PANEL  K  2 


Figure  92.  Photomicrographs  of  Composite  Laminates 


TABLE  77 

TENSILE  PROPERTIES  OP  G-160/6535-1  COMPOSITE  LAMINATES 


Co«po*it*  Matarial  Propartiaa 


MataxiAl  Syataa  -  5160/6535-1 

Fibax  -  5-160  Matrix  -  653S-1 

gaattm  R*;*d  Taapexatuxa  -  350*F[177*C) 

aasin  Contaat  -  25.76  by  ut- 

Fibax  Ccntant  -  63.5%  by  voi. 

void  Contant  -  •  o%  by  vol. 

Thicknas.  of  aach  typa  apaciaan:  0*  -  6  ply 


5r /Epoxy 


Pxapr-9  by  -  VJCO 

Eaainata  Sp.  Gr.  -  1.61 
Hoatinal  Ply  Thlckitasa  -  0.0048  inch  (0.13  aab 
Mo.  of  paaal s  Croat  which  spaciaans  van  taatad 
in  this  tabla  -  8 


«• 


15  ply 


TERSIOM:  Q* 


"36di>(  127*0  ' 


3S0*F  (177*C) 


-57*T<-55*C! 


?2*F(22*C1 


[tail  (Cffa) 

Stad.Oav.  (kail  (MPa) 
Ranga  ( ksi  1  (MPa) 

Mo.  of  spaciaan* 


(ksil (MPa) 


Stad.Oav. (kail (MPa) 
Ho.  of  Specimens 


(172.4}  (1188) 

(25.71  (177) 
(148.3  -  213-8} 
(1022  -  1473) 

5 


{172-4}  (1189) 

[ 25-7)  (177) 

5 


(167-5}  (1154) 

U2.ll  (03) 
(148 >4  -  180.01 
(1022  -  1240) 

5 


1167.5]  (1154) 

112-1}  (83) 

5 


(162. 6] (1120) 

(7.5}  (S2) 

(150.0  -  168.61  | 

(1033  -  1162)  j 
S 


1162.6}  (1120> 

{7.5}  (52) 

5 


[171.3}  (1180) 

(22.5}  (155) 
(143.9  -  194.2} 
(991  -  1338) 

5 


1166.7)  (U49) 

I20.7J  <143) 

5 


£*  (Mail  <GPa) 

Stud. Day.  (Mail  (GPa) 
Ho-  of  SpCCiSttOS 


(18-49}  (127) 

10.52}  (4) 

S 


(18.541  (128) 

(0-641  (4.4) 
5 


(21.11)  U45) 

(0.681  (5) 

5 


[19.89}  (137) 

10- 82}  (6) 

5 


cx  iuWia'  <u<ao/c*) 

St»d.0*T- 

NO.  of  Sp*cia»ns 


9180 

1410 

5 


8530 

680 

5 


7820 

940 

S 


8390 

1210 

5 


Stzvd.  D*v\ 

HO.  Of  SpOCiMA* 


0.31 

0.04 

5 


0.32 

0.01 

5 


0.36 

0.02 

5 


0.31 

0.08 

5 


Tut  MfttbOd 
Reference 


Straight' sided  tension 
03039 


tsmxotfi  90* 


F*u  (kail (MPa) 

[4.93]  (34) 

1 - 

15.511  (38) 

. 

{ 3.88)  (27) 

1 

(3.491  (24) 

Send. Day. (ksi) (MPa) 

(0 .34]  (4) 

10.43}  (3) 

(0.331  (4) 

10.851  (6) 

Rang* 

(4.30  -  5.431 

(5.19  -  4 .151 

[3.09  -  4-43) 

[2.42  -  4.411 

(30  -  37) 

(36  -  42) 

(21  -  31) 

(17  -  30) 

Mo.  of  Spaciaana 

5 

4 

5 

4 

F^*11  (kail  OVa) 

[  i  .561  Ui) 

[5.511  (38! 

(2.70]  (19) 

[2.42i  (17) 

S taxi. Day.  [kail  (MPa) 

(0.351  (2) 

io.sii  (3) 

(1.71>  (125 

ro.64)  (4) 

Mo.  of  spaciaana 

5 

4 

5 

4 

Uttil(GPa) 

12.37)  (16) 

11.821  (13) 

(1.591  Ul) 

11.63]  (11) 

Stad.Oav. (Mail (GPaJ 

(0.311  (!) 

(0.271  (2) 

CO.2U.U-4) 

10.111  (1) 

Ho.  of  Spaciatasa 

5 

s 

5  ! 

4 

sj"  (Win/ in l(y cm/cm) 

2290 

3290 

2490 

2270 

Stad.  Qav. 

510 

440 

380 

780 

Mo.  of  Spaciaaoa 

5 

4 

5 

4 

t 

0.03S1 

|  0 .031 1 

Q.0271 

0.0251 

y* 

SCnd.  0*v. 

— 

— 

Mo.  of  spociaon* 

Tut  Method 

8»f«r«rtcs 

l _ 

Strai9ht-aidad  tanaloa 

AHM  03039 

1  Computed  using  slutic  Moduli  *nd  longitudinal  Poisson's  rstio. 


TRANSVERSE  T240  LONGITUDINAL 
STRAIN  STRAIN 
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Figure  93  .  Tensile  Stress-Strain  Curves  for  Unidirectional  G-160/6535-1  Composite 
Laminates:  0®  Fiber  Orientation. 


TABLE  73 


TENSILE  PROPERTIES  OF  G-160/6 535-1  COMPOSITE  IAMINATES 


Coaposite  Material  Properties 

Material  System  -  160/6 5 35 -I  Prepreg  by  -  AVCO 

Fiber  -  2-160  Matrix  '6533-1 

Max '  aura  Rated  Temperature  -  350°F(I77“c)  Laminate  Sp.  Gr.  -  1.61 

Resin  Content  -  JO-o-  by  wt.  Nominal  Ply  Thickness  -  >  . 

Fiber  Content  -  »?7.7'\  by  vox.  panels  from  which 

Void  Content  -  s  '3*  by  vol.  tliis  tabiu  —  ? 

Thickness  of  specimen  -  ^ 

Gr/  Epoxy 

JU4*'1  inch (0.1 3  mm) 

specimens  wer*  tested 

TENSION:  +45* 


(ksi)  (MPa) 

TMrB  ffVf'V’Wi 

72°F (22“C> 

(16.331  (114) 

260°?  ( 127°C) 

(16.56)  (107) 

35C“F  (177*C) 

[16.481  (114) 

Send. Dev. [ksi 1 (MPa) 

10.901  (S) 

11.17]  (8) 

(0.41]  (’) 

fl.10]  (8) 

Range  [ksi  1  (MPa) 

1  18.  72-  2U.  891 

(15.36-17.77! 

1 14 .68-15 . 31 1 

[15.63-17.481 

( 129  -  144) 

(106  -  122) 

[  i03  -  110) 

(104  -  120) 

no.  of  specimens 

5 

5 

5 

f'^pl  [ksil  (MPa) 

(9-53)  (66) 

15.321  (41) 

(4.61’  (32) 

[4.05]  (28) 

Stpd.Dev. (ksi) (MPa) 

(1.96)  (14) 

U-41]  U0> 

(0.72)  (5) 

[0.281  (2) 

*3-  of  Specimens 

5 

5 

5 

5 

E^  [Msil (GPa) 

(3.281  (  23) 

(3.12)  (21) 

(3.05)  (21) 

[2.79)  (19) 

Stnd. Dev. (Hsi) (GPa) 

10.211  (i) 

10.12!  (1) 

(0.12)  (1) 

r  0 .08 i  (0.6) 

No.  of  Specimens 

5 

r 

5 

•-^U  [Uin/inl  (pem/cm) 

6,390 

6,940 

1 ..  .520 

34 , 800 

Stnd.  Dev. 

1,38s/ 

850 

2,150 

No.  of  Specimens 

5 

5 

5 

d 

t 

V 

xy 

0  .62 

0.65 

0.72 

0.72 

Stnd.  Dev. 

0.04 

0.05 

0  07 

0.03 

No.  of  Specimens 

c* 

5 

5 

Test  Method 

Straight 

-Sided  tension 

tefarenc* 

A STM  03039 

‘Strain  gaqc 

failed  before  ond 

of  wst  on  three  specimens. 

LO 


TABLE  79 

TENSILE  PROPERTIES  OF  G-160/6535-1  COMPOSITE  LAMINATES 


*<0, +45, -45, 0,0, -45, +45,0),  -  16  ply. 
*(0,90, +45, -45,0, 0,-45, +45, 0,0),  -  20  ply. 
*(0.+45, -45,0, 0,-45, +45,0, 90,0),  -  20  ply. 
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TABLE  80 


COMPRESSIVE  PROPERTIES  OF  G-160/6535-1 
COMPOSITE  LAMINATES 


Composite  Material  Properties  j 

Material  System  -  C- 160/6535- 1  Freprsg  by  - 

Fiber  -  G-160  Matrix  -  6535-1 

Maximum  Rated  Temperature  -  350',F(177°C)  iasunate  Sp. 

Busin  Content  -  23.94  by  wt.  PIy,’ 

Fiber  Content  -  70. Ot  by  vol. 

void  Content  -  l  Oi  by  vol.  in  thl*  tab; 

Thickness  of  each  type  specimen:  0“  -  21  ply;  90*  -  21  p: 

AVC^ 

Cr/Epoi.y 

Gr.  -  1.61 

thickness  -  0.0047  iit.  (0.12  m) 

>  free  which  specimens  ware  tested 

Le  -  3 

(y 

COMPRESSION;  0* 

-67T(-55*C) 

titii  ii  aa 

260*F(127*C) 

f£u  (kail  {MPa) 

(214.0]  (1474! 

[212.3]  (1463) 

(198.8) (1301) 

[151.4] (1043) 

Stnd.aev.  (ksi)  (MPa) 

(19.1]  (132! 

(8.01  (55) 

(20.11 (138) 

(11.33  (78) 

Ranve  (ksij  (MPa) 

[192.4  -  235.4] 

[204.0  -  223.9] 

(156.5  - 

206 . 3] 

[145.8  -  163.01 

(1326  -  1622) 

(1405  -  1543) 

(1078  - 

1421) 

(1005  -  1123) 

Mo.  of  specimens 

5 

5 

5 

5 

(kail  (MPa) 

(73.91  (509! 

[105.3]  (732) 

(80,9) 

(557) 

[131.9]  (703) 

Stud. Dev. [kail (MPa) 

[8.6]  (59) 

[33.2]  (229) 

(13.11 

(90) 

(23.21  (160) 

No.  of  Specimens: 

5 

5 

3 

S 

Ec  (Mail  (GPa) 

X 

(20.54]  (142) 

[19.211  (132) 

[18.73] 

(129) 

[21.403  (147) 

i  Stnd.Dev.  [Mail  (GPn) 

£1.06]  (7) 

[1.34]  (9! 

!1.53] 

(11) 

(2.451  (17) 

No.  of  Spaciaans 

5 

5 

5 

5 

e““  (uin/inl  Uusm/cm) 

9, 520+ ‘»  2 

n,809+l» 9 

11,Q60+V 

8,530 

Strut.  Dev. 

2.200 

3,890 

1,850 

1,030 

No.  of  Spaciaans 

5 

5 

I  5 

1 

5 

test  Method 

Reference 

ASTM 

D3410 

COMPRESSION!  90* 

cu 

Fy  tksi) (MPa) 

[J6.1]  (249) 

[27.01  (180) 

[24.0]  (165) 

[19.81  (136) 

Stnd.Dev. (kail (MPa) 

(6. 3]  (43) 

(3.31  (23) 

[1.3]  (9) 

(3.91  (27) 

Range 

(29.7  -  45.5] 

[22.6  -  30.2] 

[22.0  -  25.4] 

(16.6  -  26.31 

(205  -  313) 

(156  -  200) 

(152  -  175) 

(114  -  181) 

Ho.  of  Spaciaans 

5 

5 

5 

5 

F^1.  [kail  (MPa) 

114.1]  (786) 

[13.2]  (91) 

(15.91  (110) 

[11.4]  (79) 

Stnd.Dev. [kail (MPa) 

[4.0]  (28) 

[1.51  (10) 

£2.8]  (19) 

U-9]  (13) 

Mo.  of  spaciaans 

5 

5 

5 

5 

fy  (nail (spa) 

(2.011  (14) 

(2.04)  (14) 

[1.401  (10) 

[1.801  (12) 

Stnd.Dev. [Mall (Spa) 

(0. 16]  (1) 

(0.4)  (3) 

(0.111  (1) 

[0.40)  (3) 

do.  of  Spaciaans 

S 

5 

5 

5 

e^“  (yin/inl (pem/em) 

25,730+*;  * 

21,960+*;‘ 

ls.eso+'j* 

ll,750+l>* 

Stud.  Dav. 

5,330 

13,350 

8,100 

4,490 

No.  of  Spaciaan* 

5 

5 

5 

5 

That  Hatbod 

Raferanca 

ASTM 

D3410 

‘ultimate  strain  Talus  represents  saxlaua  observed  values  rathar  than  ultimata  valuas. 
jsma  tpaclaans  exhibited  evidence  of  buckling. 

’ana  specimen  exhibited  aTidanca  of  buckling. 

‘Two  specimens  exhibited  aTidanca  of  buckling, 

’four  spaciaans  exhibited  svi denes  of  buckling. 
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STRESS  (ksi) 


TABLE  81 

FLEXURAL  PROPERTIES  OF  G-160/6535-1  COMPOSITE  LAMINATES 


Composite*  Material  Properties 

Pro  prog  by  -  AVCO 


|  Material  System  -  G- 160/65  35"!  Prcjjrog  by  -  A' 

j  fiber  -  G-160  Matrix  -  6535-1 

j  ftaxiraum  Rated  Temperature  -  350PFU.77*C)  Laminate  Sp.  G 

Resin  Content  -  84. W  by  «t.  Nomin*1  P1^ Th 

Fiber  Content  -  69. 6i  by  vol.  I'I°‘  °5.pa"C^ 

Void  Content  -  =  0%  by  vol.  ln  thls  table 

Thickness  of.  each  type  c peciman:  0“  -  14  ply  ;  90*  -  14  ply 


Prepreg  by  -  «VC0  Gr/Epoxy 

Laminate  Sp.  Gr,  -  1.61  ' 

Nominal  Ply  Thickness  -  0.0047  inch (0.12  atm) 

No.  of  panels  from  which  specimens  were  tested 
in  this  table  -  2 


F^u  (ksi]  (MPa) 

Stnd.Dev.  (ksi)  (MPa) 
Range  [ksi] (MPa) 

no.  of  Specimens 


E*  (Mail (GPa) 

Stnd.Dov. [Msi] (GPa) 
Bo.  of  Speciniens 

Tost  Method 
Reference 


Fy  [ksi) (MPa) 

Stnd.Dev. [ksi] (MPa) 
Range  [ksi] (MPa) 

No.  of  Specimens 

E*  [Msi]  (GPa) 

Stnd.Dev. [Msi] (GPa) 
Ho.  of  Specimens 

Teat  Method 
Reference 


-fi7°F(-55°C) 

|  [239-9]  (1653) 

|  (17.21  (118) 

I  (2) 2.3  -  255-91 
(1463  -  1763) 

5 

[19.041  (131) 

[1.191  (8) 

5 


FLEXURE:  0* 

72°F(22°C) 

[231.31  (1594) 

[9.41  (65) 

(215.2  -  237.6] 
(1483  -  1637) 

5 

[18.49]  (127) 

[0.96!  (7) 

5 


260°F(I27°C) 
[219.71  (1514) 

[4.91  (34) 

[214.2  -  223.51 
(1476  -  1540) 

3l 

118.01)  (124) 

(0.60)  (4) 

3 


350°F(177°C) 

1181.71  (1252) 

[5-91  (53) 

[175,8  -  189.4! 
C12U  -  1305) 

5 

[16.851  (1150) 

[0.611  (4) 

5 


3  pt.  4  pt.  3  pt.  3  pt. 

Design  Guide#  Jan.  1971  -  Corresponds  to  ASTM  D7«0  except  for  loading 

_ jaaia&alafld  loading  seaed- _ _ 

FLEXURE:  90' 


[9.11)  (63) 

[1.751  ( 12) 
[7.09  ■  10.14] 
(49  -  ;c' 

5 


[1.531  UL) 

10.041  (0.3) 
5 


[8.861  (61) 

[6.401  (44) 

(0.44)  (3) 

10.47]  (3) 

[8.41  -  9.29) 

[4.70  -  7.781 

(58  -  64) 

(32  -  54) 

5 

5 

(1.451  (10) 

[1-45]  (10) 

10.061  (0.4) 

[0.041  (0,3) 

5 

5 

[6.50]  (45) 

[0.22]  (2) 
[6.32  *  7.56] 
(44  -  52) 

5 


[1.34]  (9) 

[0.13]  (1) 
5 


4  pt.  flexure  j  corresponds  to  ASTM  D790  except  for  loading 

Design  Guide,  Jan.  1971  points  and  loading  speed 


*Two  specimens  tested  in  4-point  loading  exhibited  shear  failure  at  a  flexural  stress 
of  163.7  ksi. 


TABLE  82 


SHEAR  PROPERTIES  OF  G-160/6535-1  COMPOSITE  LAMINATES 


Material  System  -  0-160/6535-1  * 

I  Fiber  -  C-160  Matrix  -  6535-1 

'  Maximum  Rated  Tesjserature  -  350"?  (177"c) 

I  Resin  Content  -  36, 7i  by  wt. 

I  Fiber  Content  -  66.9s  by  wc>l. 

1  Void  Content  -  •  vol. 


Composite  Material  Properties 


Prep  re  g  by  -  avco 


Gr/Epoxy 


Laminate  Sp .  Or.  -  l . 60 

Nominal  Ply  Thickness  -  0.0050  inch  (O.Ij  mm) 
Ho.  of  panels  from  which  specimens  ware  tasted 
in  this  table  -  9 


voia  contenc  — 

|  Thickness  af  ea.ch  type  specimen  -  Inplane  -  B.  ply  ;  Int*rla*ujiar 


F^  [kail  (MPa) 

Stud. Dev.  [kail  (MPa) 
Range  [kst](MPa) 

no>  of  Specimens 


|  G^  [Msil  (GPa) 

I  Stud. Dev.  (Msil  (GPa) 
'  Ho.  of  Specimens 

I 

i  Test  Method 
|  Reference 


19.71)  (67) 
10.451  (3) 
19.34  -  10.441 
(64  -  72! 

5 

[1.011  (7) 

(0.061  (0.4) 

5 


I  HP  LAKE  SHEAR 


72°F(22 "C 


(8-431  (S3) 
(0.67)  (3) 

[7.63  -  9.00) 
<53  -  62) 

5 


[0.941  (6) 

[0.031  (0.2) 
5 


260"F(127"C) 


(7.771  (54) 
[0.21]  (1) 
[7.42  -  7.94) 
(51  -  55) 

5 

(0.89)  (6) 
[0.051  (0.3) 


IME-EKiraaBI 


[8.241  (57) 
[0.551  (4) 
[7.54  -  B.741 
(52  -  60) 

5 

[0.811  (6) 

[0.03]  (0.2) 
5 


ASTM  D3518 


INTERLAMINAR  SHEAR 


Fisu  [ksi] (MPa) 
Stnd.Dev. (kail (MPa) 
Range 

* 

Ho.  of  Specimens 

Test  Method 

Reference 

[16.961  (117) 
(1-141  (8) 
(15.19  -  18.21] 
(105  -  125) 

5 


[14.53J  (100) 
11.17)  (8) 
(13.10  -  16.131 
(90  -  111) 

10 


[11.901  (82) 
[0.471  (3) 
111.36  -  12.39! 
(78  -  85) 

5 


[9.27]  (64! 
(0.62]  (4) 
[3.46  -  9.79) 
(58  -  07) 

5 


short  beam  shear 
ASTM  02344 
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72 
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72 
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260 

0  -  DRY  CONTROL 

260 

0.68 
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0001  0002  0003  0004  0005 

STRAIN  (IN/IN) 


Figure  100 


Tensile  Stress-Strain  Curves  for  Unidirectional 
G-160/6535-1  Composite  Laminates  After  Humidity 
Aging:  90°  Fiber  Orientation. 
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Figure  101.  Compressive  Stress-Strain  Curves  for  Unidirectional 
Composite  Laminates  After  Humidity  Aging t  90* 

Fiber  Orientation. 


STRAIN  (irt./irt.) 


i48*^SMH86«£Ml»Bg«sgg».  -eacngi* 


TABLE  85 

STRESS -RUPTURE  BEHAVIOR  OF  G- 160/55 35-1 
COMPOSITE  LAMINATES 

Composite  Materiel  Properties 


Material  System  -  0-160/6535-1 
Fiber  -  G-160  Matrix  -  6535-1 

Maximum  Temperature  Rating  -  350“F (177*0 
Resin  Content  -  26.2*  by  wt. 

Fiber  Content  -  67. S*  by  vol. 
void  content  -  *  0*  by  vol. 

Test  Method  -  Straight-sided  tension 
Reference  -  ASTM  02290  and  D3039 


Prtpreg  by  -  *’03  {  Gr/flp _ ^ _ 

Laminate  Sp.  Or.  -  1.61 

Nominal  Ply  Thickness  -  0.0048  inch (0.12  mm) 

No.  of  panels  from  which  specimens  were  tested 
in  this  table  - 

Thickness  of  each  type  specimen; 

+45-8  ply  0/+45/902  -  20  ply 

0/+451  -  16  ply  0/+45/903  -  20  ply 


STRESS  RUPTURE 


Temperature  |  Fiber  Orientation 


72*F(22*C) 


260  *F(  127*0) 


Stress  Level  [ksiXMPa) 

Time  to  Failure (hrs) 

No.  of  Specimen* 

Residual  Strength (ksi] (MPa) 
No.  of  Specimens 

Stress  Level [ksi) (MPa) 

Time  to  Failure (hrs } 

No.  of  Specimens 
Residual  Strength [ksi] (MPa) 
No.  of  Specimens 

Stress  Level [ksil (MPa) 

Tima  to  Failure (hrs) 

No.  of  Specimen* 

Residual  Strength  [ksi]  (MPa) 
No.  of  Specimens 

Stress  Level  [ksi  ]  (MPa) 

Time  to  Failure (hrs) 

No.  of  Specimens 
Residual  Strength  [ksi)  (MPa) 
No.  of  Specimens 

Stress  Level [ksi] (MPa) 

Tiro  to  Failure (hrs) 

No.  of  Specimens 
Residual  Strength [ksi) (MPa) 
No.  of  Specimens 

Stress  Level  [ksiXMPa) 

Tim*  to  Failure (hrs) 

No.  of  Specimens 
Residual  Strength [ksi] (MPa) 
No.  of  Specimens 


^(0,45,-45,0, 0,-45, 45,0),  -  16  ply 
1  (0.45, “45, 0,0, -45, 45,0, 90, 0>  „  -  20  ply 
’<0,90, <5, -45, 0,0, -45, 45, 0,0).  -  20  ply 


350 *F( 177*C) 


+45 

0/+45* 

0/+45/902 

0/+45/90* 

[13.221(91) 

500+ 

3 

(18.171(125) 

3 

[73.22]  (504) 

.  369+ 

3 

11108.401(747) 

2 

[72.70X501) 

333+ 

3 

1109.841(757) 

2 

[77.83  X  536) 
333+ 

3 

(113.85X  784) 
2 

111.571(80) 

503+ 

3 

(19.30X133) 

3 

[64.07]  (441) 
510+ 

3 

[103.46X713) 

3 

|  [63.62X438) 
503+ 

3 

(112.20) (773) 

3 

[68.10)  (469) 
503+ 

3 

[107-24X739; 

3 

[12.45X86) 

351+ 

3 

[14.68]  (101) 

2 

i 

[10.893(75) 

482+ 

3 

[16.39X113) 

2 

[11.34] (80) 
SOO+ 

3 

[16.01X110) 

[9.89}  (68) 
500+ 

3 

(17.01X117) 
1  3 
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TABLE  86 

ft 

r- 

TEK3ILE-TENSILE  FATIGUE  PROPERTIES 

) 

j. 

t 

s 

OF  G-160 /65 35-1  COMPOSITE  LAMINATES 

Conyx>r».i  to  Material  Jvroi«  rtio 


Malt?)  i  al  by:, i  u*T»  -  G-“  5U/6S !>->** i  j’roj 

Kib-t*  -  G-160  MuLrix  -  6535-1 
M  ix i  muia  1Vinj*i-j  «i  tuvc  iv*iin$  -  31.0  aF  ( 177*0 
\ic:»Ut  Content  -  £6.21  by  wt. 

ViV'f  Content  -  67.8”*  by  vol. 

Void  Content  -  «  O'i  by  vol. 

Ttrst  M I’Uiod  -  Straight-sided  tension 
Rch.-iri.rice  -  ASTM  D.3039 


Tvnu/pxatufo 


72*m2cC) 


roprey  by  -  AVCO  j  Qx/2t^  ( 

>c^  Laminate  Sp.  <;*,  ~  1.61 

Nominal  Ply  Thickness  -  0.0048  .  ich  (0.12  jaa) 
No.  of  panels  from  which  ^poci.-wns  wort,  tested 
in  thir  tob^e  -  18 
'ill  '.ohness  cf  O'Ch  type  sneciffllft: 

+*5  -  8  ply  o/*45/9C*  -  2(.  oly 


G/+45  -  16  ply 


0/+4V90 


TENS 7  U; 

FATIGUE, 

Fiber  Orientation 

+45 

tlax.  Stress tksi] (MPa) 

114,051(9?) 

lifetime:  (cycles) 

4,603 

No.  of  Specimens 

5 

Residual  StrongthDtsi]  (MPa) 

— 

No.  of  Specimens 

0 

Max.  Stress (ksi) (MTa) 

(12.401 (85) 

Lifetime  (cycles) 

69,314 

No-  of  Specimens 

5 

Residual  Strength (ksii (MPa) 

No.  of  Specimens 

0 

Max.  Stress  (ksi]  (MPa) 

(10.741(74) 

Lifetime  (cycles) 

719,082 

NO.  of  Specimens 

5 

Residual  Strength [ksi ] (MPa) 

" — 

No.  of  Specimens 

0 

Max.  Stress [ksij (MPa) 

(13.231(91) 

Lifetime  (cycles) 

3,438 

No.  of  Specimens 

5 

Residual  Strength (ksi] (MPa) 

— 

No.  of  Specimens 

0 

Max.  Stress [ksi] (MPa) 

(10.89) (75) 

Lifetime  (cycles) 

138,999 

No.  of  Specimens 

5 

Residual  Strength (ksi) (MPa) 

— 

No.  of  Specimens 

0 

Max.  Stress [ksi) (MPa) 

(8.5Si t 59) 

Lifetime  (cycles) 

3/640, 227 

No.  of  Specimens 

5 

Residual  Strength [kei ) (MPa) 

— 

No.  of  Si>ecin>ons 

0 

182 .69 J (570) 
22,478 
5 


0A45/902 


[86.39] {595} 
962 
5 


[81.79] {564} 
47 , 309 
5 


0/+45/905 


‘(0,45, -45, 0,0, -45,45, C)s  -  16  ply 
2(0, 43, -45, 0, 0,-45. 4$, 0,>K>,C»b  -  20  ply 
3 (0 , 90, 45,-45,0,0,-45,45,0,0)s  -  20  ply 
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TABLE  87 


«»m. — 


THERMOPHYSICAL  PROPERTIES  OP  0-160/6535*1 
COMPOSITE  LAMINATES 


Material  System  -  G-160/6S35-1 

fiber  ~  G-160  Matrix  -  6535-1 

Maximum  Temperature  Rating  -  350*F(l77,,c) 

I  Resin  Content  -  25.5%  by  wt. 
fiber  Content  -  63.5%  by  vol. 

[Void  Content  -  =  0%  by  vol. 

iThickness  of  each  type  specimen:  Them.  Lup.  -  40  ply 

Thera.  Cond.  -40  ply 


Coaqpcsite  Material  Properties 


Gr/Epaxy 


Prepeeg  by  -  avco 
Laminate  Sp.  Gr.  -  1-61 

Average  Ply  Thickness  -  0.0048  mch(0.12  no) 

Mo.  of  panels  from  which  specimens  were  tested 
in  this  table  -  3 

Spec.  Ht.  -  1  ply 
Glass  Trans.  -8  ply 


THERMOPHYSICAi  PROPERTIES :  0* 


-67*F(-55*C) 

72*F(22*C) 

260*F  (127*0 

isa'rim'C) 

Test 

Method 

Therwol  Expansion1 
ax(yin/in-*f  ]  (uc»Aas-“C) 

[0.04)  (0.08) 

f-0.21H-0.37) 

i-o.211eo.3a) 

(-o.ioieo.20) 

TMA2 

ay(uin/i«-*Fl  (pcm/cm-'C) 

(12. S)  (22.5) 

tl3.8){24.8) 

[16-71  (30.0) 

(18.01(32.4) 

tk>.  of  Specimens  per 
direction 

3 

3 

3 

3 

Specific  Heat 
Cp[btu/lb.-*Fl  W/Jtg-*C) 

(0.1541  (644) 

(0.202)  (845) 

[0.2811  (1175) 

(0.3331(1393) 

DSC3 

Ho.  of  Specimens 

3 

3 

3 

3 

Thermal  Conductivity1 
kx [btu-ft/f t*-hr- “F 1 
<W/S>-*C) 

No.  of  Specimens 

(0.23) 

(0.40) 

3 

10.38) 

(0.66) 

3 

[0.57) 

(0.99) 

3 

[0.661 

(1.14) 

3 

cooperative 

Glass  Transition  Tamp. 

Dry  l*F](*C) 

Wet  t*FH*C) 

(507)  (264) 

(471)  (244) 

DMA4 

THERJC  PHYSICAL  PROPERTIES:  +45*  ] 

Thermal  Expansion1 
ax [Uin/ln-*F] (hca/ca-*C) 

(1.631  (2.93) 

[1.371 (2.46) 

(1.241(2.24) 

(1.411(2.54) 

TMA2 

No.  of  specimens  per 
direction 

3 

3 

3 

3 

Thermal  Conductivity1 
k2 Ibtu-ft/f t2-hx- *F1 
(W/m-*C) 

No.  of  Specimens 

(0.371 

(0.64) 

3 

(0.431 

(0.74) 

3 

10.51) 

(0.88) 

3 

[0.551 

(0.95) 

3 

Cooperative 

NOTES : 1 .  On  the  uni  directionally  reinforced  specimens ,  the  x-diraction  is  along  the  fiber 
axis,  the  y-diraction  is  across  the  fiber  axis,  and  the  i -direction  is  through 
the  thickness  (identical  to  the  y-direetion) .  On  +45*  bidirectionally  reinforced 
specimens,  the  x  and  y  directions  are  identical  and  oriented  at  45*  to  either 
fiber  direction,  while  the  r-diractior.  is  through  the  thickness., 

2.  Thereo-mechanical  Analysis. 

3.  Differential  Scanning  Calorimetry. 

4.  Dynamic  Mechanical  Analysis. 
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4.7  COMPARATIVE  ENVIRONMENTAL  BEHAVIOR 

One  of  the  points  of  particular  interest  relative  to  the 
data  generated  in  this  program  is  the  comparative  susceptibility 
of  the  different  composite  materials  to  degradation  during,  or 
as  the  result  of,  elevated  temperature ,  high  humidity  aging. 
Figures  106  through  108  illustrate  the  effect  of  both  test 
temperature  and  moisture  absorption  upon  the  strength  retention 
of  these  composite  materials.  The  notations  "saturated"  and 
“50%  saturated",  recall,  refer  to  the  specimen  condition  just 
prior  to  testing.  As  discussed  in  Section  3.4,  the  specimens 
tested  at  elevated  temperature  undoubtedly  dry  out  to  some 
extent  during  the  testing  process,  with  the  smaller  specimens 
(shear  and  compression)  drying  out  more  rapidly  than  the  larger 
tensile  specimens. 

Additionally,  use  of  the  description,  "50%  saturated", 
refers  to  the  partial  saturation  condition.  While  the  aging 
periods  were  selected  so  as  to  effect  about  50%  as  much  moisture 
absorption  as  is  present  at  equilibrium,  the  actual  levels  of 
partial  saturation  range  from  45-67%  of  the  fully  saturated 
levels.  Further,  it  must  be  recognized  that  while  a  specimen 
permitted  to  reach  an  equilibrium  saturation  condition  may  have 
a  relatively  uniform  moisture  concentration  throughout  its 
thickness,  one  only  "50%  saturated"  will  have  most  of  that 
moisture  concentrated  near  the  surfaces. 

Several  features  in  Figures  106-108  stand  out.  First, 
the  strength  levels  for  the  HyE  2034D  system  (employing  the 
75  Msi  (517  GPa] ,  pitch-based  graphite  fiber)  are  lower  for 
every  type  of  test  and  for  every  temperature  and  moisture  level 
than  any  of  the  other  materials.  This  is  probably  due  to  a 
lower  level  of  interfacial  bonding  between  this  particular 
reinforcing  fiber  and  the  934  epoxy  matrix.  Relative  to 
the  strength  levels  in  the  dry  material,  the  HyE  2034D  system 
loses  the  least  strength  due  to  absorbed  moisture  of  any  of  the 
other  five  materials.  This,  however,  is  probably  the  result 
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of  the  original  below  average  interfacial  bond  strengths  since 
the  wet  strength  levels  of  the  other  epoxy-matrix  systems 
are  cojsgsarable  to  the  dry  strength  level  of  the  HyE  2034D. 

Second,  while  the  SiC/5506  system  loses  the  most  strength, 
relative  to  the  dry  state,  of  any  of  the  materials  tested,  its 
absolute  strength  levels  in  90®  tension  are  clearly  the  highest 
and  its  absolute  strength  levels  in  90®  compression  and  inter¬ 
laminar  shear  are  comparable  to  the  other  materials. 

In  those  instances  in  which  a  more  saturated  condition 
resulted  in  a  higher  strength  than  a  less  saturated  condition, 
the  difference  is  small  enough  to  be  attributable  to  experimental 
scatter. 

While  the  fact  that  the  T300/V378A  system  (polyimide)  was 
tested  at  35G®F  (177°C)  rather  than  260°F  (127°C}  makes  it  less 
than  straightforward  to  compare  it  directly  with  the  other  five 
systems  (all  epoxy) ,  it  would  appear,  with  the  possible  excep¬ 
tion  of  the  350®F  (177®C)  saturated  condition,  that  this  material 
suffers  less  degradation  due  to  moisture  absorption  than  any 
of  the  other  materials  tested. 

Elevated  temperature,  high  humidity  agings  similar  to 
those  conducted  during  this  program  were  previously  carried 
out  on  two  other  polyimide  systems,  AS/4397  by  Hercules,  and 
T300/F178  by  Hexcel,  and  reported  in  AFML-TR-77-151. Com¬ 
parison  of  the  90°  tension  and  interlaminar  shear  data  (both 
dry  and  humidity  aged)  of  these  two  materials  with  that  for 
the  T30G/V378A  system  reveals  that  the  latter  material  exhibits 
generally  equivalent  or  superior  strength  levels  to  either  of 
the  two  systems  tested  earlier.  This  in  spite  of  the  fact  that 
the  latter  material  had  a  void  content  of  about  0.8%  while 
the  two  earlier  materials  were  void  free. 
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SECTION  5 
CONCLUSIONS 


Each  of  the  conclusions  listed  in  this  section  was  arrived 
at  through  inspection  of  the  data  in  Section  4  and  represent 
generalizations  of  overall  composite  behavior.  Exceptions  to 
each  of  these  generalized  concl visions  can  be  found  if  the  data 
are  scrutinized  in  sufficient  detail.  In  most  cases,  these 
exceptions  are  at  least  mentioned  and  discussed. 

1.  The  static  strengths  {tensile,  -jompressivo ,  flexural, 
inplane,  and  interlaminar  shear)  of  each  material 
evaluated  in  this  program  decreased  with  increasing 
test  temperature.  In  those  cases  where  this  was 

not  true,  the  exception  usually  proved  to  be  either 
in  a  tensile  specimen  dominated  by  0°  plies,  or 
at  -67°F  £-55°C)  .  The  latter  situation  most 
probably  is  due  to  increased  sensitivity  to  brittle 
failure  at  the  lower  temperature. 

2.  In  those  cases  where  the  elastic  modulus  is  primarily 
fiber  dependent,  the  test  temperature  had  relatively 
little  effect  on  the  modulus  (0°  tension,  0/^45/90 
tension,  0°  compression,  0°  flexure) .  In  those 
cases  where  the  composite  modulus  is  primarily  matrix 
dependent,  however,  the  modulus  for  each  material 
decreased  with  increasing  temperature  just  as  the 
strengths  did. 

3.  The  ultimate  elongations  of  the  fiber  dependent  spe¬ 
cimens  behaved  in  roughly  the  same  fashion  as  the 
strength,  and  with  the  same  exceptions.  The  ultimate 
elongations  of  the  matrix  dependent  specimens  (90° 
and  +45°  tension  and  90°  compression)  increased  with 
increasing  temperature  for  any  specific  stress.  Since 
the  ultimate  stress  for  these  specimens,  however,  was 
simultaneously  decreasing,  the  actual  ultimate  elongations 
for  these  type  specimens  exhibited  some  increases  and 
some  decreases  with  increasing  test  temperature . 
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4.  On  those  systems  in  which  holes  were  drilled  in 

the  center  of  the  multidirectional  tensile  specimens, 
the  static  tensile  strength  was  76-80%  of  what  it 
would  have  been  had  it  followed  the  reduction  in 
cross-sectional  area  directly.  This  reduction  is 
probably  due  to  the  creation  of  a  stress  concen¬ 
tration  around  the  hole  (diameter  =  0.1935  x  width 
of  specimen)  . 

5.  On  the  last  material  tested,  the  presence,  absence, 
and  location  of  a  90°  ply  in  the  layup  stack  was 
varied  because  of  its  influence  on  normal  edge 
stresses.  The  static  tensile  results  indicated 

that  the  layup  with  a  low  level  of  normal  edge  stress 
produces  a  slightly  higher  tensile  strength,  while 
the  layups  which  produce  large  tensile  and  large 
compressive  edge  stresses  produce  equivalent,  and 
slightly  lower  tensile  strengths.  In  fatigue,  the 
layup  which  produces  large  tensile  edge  stresses  and 
the  stress-free  layup  exhibit  longer  lifetimes,  for 
equivalent  cyclic  stress  levels,  than  the  layup  which 
produced  large  compressive  edge  stresses.  The  former 
two  layups  (stress-free  and  tensile  edge  stress) 
exhibit  comparable  fatigue  behavior.  The  difference 
in  slope  may  be  insignificant  considering  the  limited 
amount  of  available  data  and  the  degree  of  scatter. 

6 .  The  thermal  conductivity  and  specific  heat  increased 
with  increasing  temperature  for  all  six  systems. 

7.  The  coefficient  of  thermal  expansion  (CTE)  seemed 
relatively  independent  of  temperature  for  the  four 
systems  incorporating  high  strength  graphite  fiber. 

On  the  HyE  2034D  system,  however,  incorporating  a  high 
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modulus  graphite  fiber,  the  CTE  decreased  with 
increasing  temperature  while  the  system  incorporating 
silicon  carbide  fiber  exhibited  an  increasing  CTE 
with  temperature. 

8.  On  all  of  the  graphite  reinforced  systems,  the 
layups  incorporating  0°  plies  exhibited  considerable 
scatter  in  fatigue  lifetimes.  The  silicon  carbide 
reinforced  system,,  on  the  other  hand,  exhibited  much 
less  scatter  in  fatigue  lifetimes  on  layups  incorporating 
0°  plies.  Along  with  the  greater  scatter  in  the  graphite 
systems,  however,  these  systems  exhibited  considerably 
longer  fatigue  lifetimes  than  the  silicon  carbide 
system  at  comparable  cyclic  stress  levels. 

For  the  +45°  orientations,  there  was  relatively 
little  scatter  on  any  of  the  materials.  For  this 
orientation,  the  high  strength  graphite  systems  again 
exhibit  considerably  longer  fatigue  lifetimes  than 
the  silicon  carbide  system  for  comparable  cyclic 
stress  levels.  The  high  modulus  graphite  system 
outperforms  the  silicone  carbide  system  in  fatigue 
for  the  +45°  orientation  if  the  cyclic  stress  levels 
are  converted  to  percent  of  static  tensile  strength. 

9 .  The  relatively  large  plastic  strains  undergone  by  the 
+45®  orientation  led,  in  some  cases,  to  substantial 
internal  energy  dissipation  and  self-heating  in 
fatigue  tests.  For  the  materials  tested  here,  this 
self  heating  caused  typical  temperature  increases  in 
+45e  orientations  of  8-20°F  (4-ll°C)  for  cyclic 
stress  levels  in  the  range  of  60-85%  of  the  static 
ultimate.  There  were  some  specimens  of  course  that 
exhibited  practically  no  self  heating  while  others 
exhibited  temperature  rises  of  up  to  40°F  {2 2°C) . 
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Probably  the  most  unusual  thing  observed  in  the 
creep  testing  was  the  tendency  of  some  of  the 
multidirectional  layups  (0/+45/90) ,  particularly 
at  elevated  temperature  and  with  tho  high  modulus 
graphite  fiber,  to  exhibit  contraction  rather  than 
extension.  'Phis  was  not  observed  with  the  silicon 
carbide  system.  It  may  be  attributable  to  the 
gradual  relief  of  residual  internal  stresses 
resulting  from  laminate  fabrication. 
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APPENDIX  A 


COMPUTATION  OF  NORMAL  EDGE  STRESSES 

It  is  well  known  that  a  flat  composite  laminate  which  is 
subjected  to  a  basically  in-plane  system  of  loads  can  develop 
normal  interlaminar  stresses  near  free  edges  that  are  sufficient 
to  cause  delamination.  This  phenomenon  occurs  because  a 
composite  laminate  is  not  a  two-dimensional  structure  at  all, 
but  is  a  complex,  non-homogeneous ,  three-dimensional  system. 

In  a  macromechanical  sense  a  composite  laminate  distributes 
loads  much  like  a  plate  composed  of  a  single  homogeneous 
material.  In  the  center  of  a  laminate  structure,  at  points 
distant  from  boundaries  and  points  of  load  applications,  the 
macromechanics  theory  of  composites  is  sufficient  to  represent 
the  state  of  stress  accurately.  However,  near  boundaries 
such  as  the  free  edges  of  a  tension  specimen,  the  state  of  stress 
is  three-dimensional  and  depends  on  the  laminate  stacking 
sequence.  In  particular,  interlaminar  normal  stresses  at  a 
free  edge  can  be  so  affected  by  stacking  sequence  that  changes 
in  sign  may  occur  simply  by  rearranging  the  layers. 

This  Appendix  presents  a  brief  discussion  of  the 
procedure  used  for  analytically  determining  the  interlaminar 
normal  edge  stresses  in  a  composite  tensile  specimen.  The 
method  involves  the  following  two  steps: 

(1)  Computation  of  the  nominal  stresses  in  each  layer 
using  macromechanics  composite  theory,  as  presented  in  References 
15  and  16,  and; 

(2)  Estimation  of  the  normal  stresses  between  individual 
lamina,  according  to  the  method  presented  in  References  17-1? . 

These  analysis  steps  are  discussed  individually  below  in 
Sections  A.l  and  A. 2.  Section  A. 3  contains  interlayer  normal 
stresses  computed  for  example  composite  tensile  layups  of 
various  materials. 
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A. 1  LAYER  STRESSES 


The  nominal  layer  stresses  in  a  composite  laminate  are 
computed  by  means  of  standard  macromechanics  theory.  For 
completeness,  the  relevant  equations  are  presented  below  for 
a  general  laminated  composite;  the  special  case  of  narrow  test 
specimens  with  free  edges  will  be  considered  in  Section  A. 2 

A . 1 . 1  Stress  Resultants 

It  is  presumed  that  a  stress  analysis  has  been 

performed  on  a  composite  plate  (we  will  specialize  to  the  case 

of  a  tension  specimen  in  section  A. 2)  referred  to  a  two-dimensional 

Cartesian  coordinate  system  x,y;  that  is,  at  every  point  x,y,  the 

in-plane  stress  resultants  N  ,  N  ,  N  and  the  moment  stress 

x  y  "Y 

resultants  M^,  My,  Mxy  have  been  determined  (by  plate  theory, 
from  a  finite  element  analysis,  by  experimentation,  etc.).  These 
stress  resultants  arise  from  a  system  of  mechanical  and  thermal 
loads,  and  they  act  at  a  reference  plane  (usually  the  midd3 e 
surface)  with  the  positive  conventions  shown  in  Figure  A-l. 


A. 1.2  Lamina  Properties 

The  x,y  coordinate  system  of  Figure  A-l  is  referred 
to  as  the  structural  axes.  An  individual  lamina  is  referred  to 
a  1,2  set  of  material  axes  as  shown  in  Figure  A--2.  The  lamina 
fibers  are  oriented  along  the  material  1-axis  which  is  measured 
relative  to  the  structural  x-axis  by  the  angle  0.  The  in-plane 
material  properties  of  the  lamina  are  referred  to  by: 


E1  Vl?' 


Moduli  of  elasticity:  E^,  E, 

Poisson's  Ratio 
Shear  Modulus 
Thermal  Coefficients: 

The  stress-strain  relationship  for  the  lamina  is  written  as 
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where  AT  is  a  change  in  temperature,  and 
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Q66  ~  G12 

If  the  lamina  material  properties  are  referred  to  the  structural 
axes  rather  than  the  material  axes,  the  following  transformations 
are  performed: 
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where  the  transformation  matrix  is  given  by 
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and  its  inverse  is, 
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A. 1.3  Laminate  Properties 

Consider  a  laminate  formed  by  stacking  individual 
laminae  as  shown  in  Figure  A-3.  A  typical  lamina  is  referred  to 
by  "k".  For  example,  the  thickness  of  layer  k  is  and  the 
transformed  material  property  matrix  is  CQl^* 

The  stress-strain  relationship  for  a  laminate 

in  terms  of  the  reference  surface  stress  resultants  (N  ,  N  .  N  , 

x  y  xy 

Mx,  My,  M^)  computed  as  indicated  in  Section  A.l,  and  the 


reference  surface  strains  {e 
(<xr  *xy)  is  given  by 
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where  the  composite  material  properties  are  determined  by 
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and  the  stress  resultants  due  to  thermal  change  are. 
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*  AT  l 
k=l 
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(A. 10) 
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A. 1.4  Strain  and  Stress  in  the  Laminae 

The  strains  (e  ,  e  ,  y  .  )  and  the  curvatures 
xo  yo  'xyo 

(k  ,  k  ,  k  )  of  the  laminate  reference  surface  are  determined 
x  y  xy 

by  solving  the  Equation  A. 8.  The  in-plane  strains  in  the 
laminate  at  a  distance  Z  from  the  reference  plane  are  then 
written  as 
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The  stresses  at  position  z  are 


AT  +  Z 


(A. 12) 


When  Z  lies  within  layer  k,  then  the  subscript  k  is  presumed  to 
be  attached  to  the  material  properties  in  Equation  A. 12. 
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A. 2  NORMAL  INTERLAMINAR  EDGE  STRESSES 


Consider  a  laminated  composite  tension  specimen  as  shown 
in  Figure  A-4  •  Depending  on  the  stacking  sequence  of  the 
laminae  which  compose  the  laminate,  the  free  edge  indicated  in 
the  figure  can  undergo  delamination  failure  before  the 
laminate  as  a  whole  fails.  The  occurrence  of  this  disturbing 
phenomenon  led  to  the  development  of  the  theory  presented  in 
References  16-19  and  summarised  below. 

The  stress  resultants  in  the  specimen  due  to  the  applied 
load  P  in  the  x-direction  are  clearly 


N 


x 


P 

2b 


N  =  N  =  M  =  M  =  M  =0 
y  xy  x  y  xy 


(A. 13) 


Then  the  strains  and  stresses  in  the  various  lamina  are  computed 
by  solving  Equation  A. 8,  and  evaluating  Equations  A. 11  and  A. 12 
for  appropriate  values  of  Z.  In  this  case  the  lamina  stresses 
are  constant  through  the  thickness  of  each  layer , 


Figure  A- 5  shows  a  section  cut  from  the  laminate;  the 
section  geometry  is  characterized  by  one  unit  in  the  x-direction, 
a  symmetric  half  in  the  y-direction,  and  full  thickness  in  the 
z  direction.  The  forces  acting  on  the  laminate  in  the  y-direction 
are  also  shown  on  the  figure.  Since  the  free  edge  is  stress 
free,  the  forces  acting  at  the  y=Q  must  balance  through  the  layers. 
Now  consider  layer  number  1  which  is  isolated  in  Figure  A- 6 . 
Clearly,  since  the  edge  y=b  is  stress  free,  there  must  be  some 
area  near  the  free  edge  which  must  develop  an  interlaminar 
shear  force  F^  and  moment  to  balance  the  force  o  ^  h^  acting 
at  y=0.  This  line  of  reasoning  can  be  extended  to  conclude 
that  all  layers  must  develop  interlaminar  edge  forces  and 
moments  as  shown  in  Figure  A- 7. 


If  the  typical  layer  k  is  required  to  be  in  equilibrium 
with  respect  to  force-sums  and  moment  sums,  the  following 
equations  result: 
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If  these  equations  are  applied  sequentially  starting  with  k  -  1, 

for  which  F  =  M  =0,  then  each  set  of  interlaminar  forces  can 
o  o 

be  determined  in  a  recursive  manner. 


Now  it  is  argued  that  the  only  way  to  develop  edge  moments 
near  the  free  edge  is  to  have  a  nonuniform  distribution  of 
interlaminar  normal  stress  in  that  area.  Such  a  normal  stress 
is  shown  in  Figure  A-8,  in  which  the  distribution  over  a  small 
length  assures  that  the  total  moment  of  and  the  tension  and 
compression  areas  balance.  An  approximate  normal  stress 
distribution  (References  17-19)  is  shown  in  Figure  A-9. 

Finally,  using  the  approximate  interlaminar  normal  stress 
distribution  of  Figure  A-9,  the  following  value  is  found  for 
the  normal  stress  at  the  free  edge. 


90  Mk 
CTek  “  7  72 

n 


(A. 15) 


A. 3  COMPUTATIONS  FOR  SPECIFIC  LAMINATES 

The  analysis  presented  above  has  been  utilized  to  estimate 
interlaminar  normal  stresses  for  seven  specific  laminates. 

The  particular  material  systems  and  stacking  sequences  con¬ 
sidered,  along  with  their  respective  properties  are  listed 
in  Table  A-l. 

The  normal  edge  stresses  developed  in  these  composites 
are  illustrated  in  Figure  A-10.  The  five  curves  in  the  tensile 
half  of  the  figure  all  have  the  same  ply  stacking  sequence , 

The  different  tensile  stress  levels  developed  indicate  the 
influence  of  material  properties.  The  three  curves  for  G-160/ 
6535-1  graphite/epoxy  illustrate  the  effects  cf  different  ply 
stacking  sequences.  Orientations  (1)  and  (3)  in  Figure  A-10 


Figure  A-8.  Distribution  of  Normal  Stress  Near  Free  Edge 
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Figure  A-10.  Interlayer  Normal  Stresses  for  Various  Composite 
Laminates . 


differ  only  in  the  position  of  the  90®  ply*  while  orientation 
(2)  has  no  90°  ply  and  has  one  less  0°  ply  than  orientations 
(1)  and  {3}.  All  of  the  stresses  plotted  in  Figure  A- 10  were 
computed  for  a  stress  resultant  Nx  =  1000  Ib/in  (1751  N/cm) , 
as  .indicated  in  Equation  (A.  13)  . 


APPENDIX  B 


PREPREG  QUALITY  CONTROL  TEST  PROCEDURES 
AND  TEST  RESULTS 


This  appendix  contains  copies  of  the  test  procedures 
followed  in  determining  prepreg  physical  properties.  It 
also  presents  the  test  results  obtained  from  these  various 
tests  on  each  prepreg  material.  Summaries  of  these  data 
are  presented  in  Sections  4.1  through  4.6. 

In  addition  to  the  tables  of  physical  properties, 
chromatographic  analyses  are  presented  for  resin  extracted 
from  each  prepreg. 


Hercules  Specification 
Volatile  Content 


HD-SG-2-6006C 

5.1.2  Teat  procedure.  The  test  procedure  3hall  be  as  follows: 

a.  Condition  new  Gooch  filtering  crucibles  in  beaker  containing  con* 
centrated  HNO3  for  a  minimum  of  1  hour  at  100  +  5°  C.  Wash  with 
water*  dry  in  oven  at  93  +  3°  C  and  desiccate.- 

b.  Weigh  conditioned  filtering  crucible  to  the  nearest  0.1  milligram 

(«s). 

c.  Carefully  remove  release  paper  from  prepreg  specimen  and  place 
specimen  in  tared  crucible. 

d.  Weigh  crucible  containing  specimen  to  the  nearest  0.1  mg. 

e.  Condition  crucible  and  specimen  In  an  oven  maintained  at  93.5° 

+  3°  C  for  a  minimum  of  90  minutes  and  a  maximum  of  120  minutes* 
unless  otherwise  specified  in  the  applicable  prepreg  specification. 

NOTE 

Prepregs  with  polyipiide  resin  systems  should  be  conditioned 
at  288  +  3  C  for  60+1  minutes. 

f.  Remove  crucible  from  oven,  cool  to  room  temperature  in  a  desiccator* 
and  reweigh. 

g.  Calculate  volatiles  content  of  prepreg  as  follows: 

V .  -  w 

Weight  Z  Volatiles  »  . „3  x  IOC 

2  "  *1 

where:  ■  weight  of  empty  conditioned  filtering  crucible, 

grams  (g) 

W  2  a  origins  1  weight  of  crucible  and  specimen  before 
beating,  g 

-  final  weight  of  crucible  and  specimen  after  heating,  g 
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Hercules  Specification 
Resin  Content 


5*2.3  Procedure  C  (hot  HEX  axtracticm  method! .  Dwaata*  res  in  content  of 
prepreg  by  the  hoc  KH  extraction  aefood  u  folia**: 

*.  Prepreg  saaplas  a  hall  b*  u  specified  in  table  Z.  Taka  duplicate 
tut  spec  teens,  one  fro*  each  and  of  tha  saepla. 

Table  Z.  Resin  Contact  Specimen*  for  Procedures  c.  0,  and  2 


Tape  width 

Staple  six* 

3  iocbea 

3  inches  by  3  inches 

6  Inches 

2  inches  by  6  inches 

12  inches 

l  inch  by  12  inches 

b.  Weigh  clean  filtering  crucible  to  foe  nsarest  0.1  tag. 

c.  Carefully  reaenre  release  paper  free  the  prep  rag  specimens  and  place 
la  eared  crucible. 

d.  Weigh  crucible  containing  specimen  to  foe  neereat  0.1  eg. 

«.  add  130  ml  MXX  Co  a  230  el  beaker,  place  beaker  on  a  (teas  bath  and 
bring  ca  a  boll.  (Baakar  should  be  covered  with  a  vetch  glass  co 
sdnimlse  evaporation.  ) 

iw  Add  prep  rag  sample  eo  foe  hoc  HEX,  being  careful  noe  Co  splash  foe 
hoc  HEX.  Stir  occasionally  and  lac  beat  for  can  ainutaa  or  until 
HOC  bolls. 

g.  Transfer  foe  HEX  and  fiber  into  the  original  cared  filtering  crucible 
positioned  in.  a  f Hearing  flask  with  vacuum  Crap  and  vacuue  punp. 

h.  Wash  foa  fiber  three  claws  with  additional  hoc  MIX. 

1.  Remove  foa  crucible  containing  fibers  and  dry  In  an  oven  oainttin*d 
ac  163°  +•  3°  C  for  13  to  20  elnutas. 


J »  I  Move  crucible  free  oven,  cool  in  a  desiccator, 
nearest  0.1  eg. 


and  uaigh  co  foa 


k.  Calculate  raain  content  ea  follows; 

[y  .  v 

*  200 


-  7 


rhstrar  tt.  »  weighs  of  eager  trucifcla,  g 


W^  *  original  weight  of  crucible  and  spec  lean,  g 
Vj  <*  final  weight  of  crucibl*  and  fibers,  g 
V  -  weighs  percent  volatile*  free  3.1,  X 


Hercules  Specification 
Resin  Flow 


SD-SG-2-6006C 


5.3.2 


a. 


b. 


c. 


d. 


e. 


£. 


8* 

h. 

i. 


J* 


Ic. 


1. 


m. 


n. 


Procedure  B.  Determine  resin  flow  as  follows: 

Cut  eight  4x4  inch  plies  of  sample  prepreg. 

Lay  up  the  prepreg  plies  0°/90^  and  weigh  to  the  nearest  0.1  g. 

Place  layup  on  1/4  inch  thick'  aluminum  plate  which  has  been  covered 
with  nonporous  teflon. 

Cut  one  6x6  inch  ply  of  porous  TFE  release  cloth  and  place  on 
top  of  layup. 

Cut  two  6x6  inch  plies  of  glass  bleeder  cloth  and  place  on  top 
of  TFE  release  cloth. 

Cover  entire  layup  with  1  ply  of  glass  bleeder  cloth  tc  be  used  as 
air  breather. 

Place  entire  assembly  in  vacuum  bag. 

Place  in  oven  at  room  temperature  and  pull  full  vacuun  (25  inches  Hg). 

Bring  oven  up  to  250°F  (oven  temperature)  in  30  to  45  minutes  and 
hold  at  250"T  for  30  minutes  while  maintaining  full  vacuwn. 

Raise  temperature  to  350°F  (oven  temperature)  in  30  to  45  minutes 
and  hold  at  350°F  for  60  minutes. 

Remove  from  oven  while  hot  and  remove  from  vacuum  bag. 

Clean  any  excess  resin  from  panel. 

Weigh  panel  to  the  nearest  0.1  g. 

Calculate  the  resin  flow  as  follows: 


Resin  flow,  percent 


x  100 


where:  »  original  weight  of  prepreg  -layup,  g. 


W2  -  final  weight  of  panel,  g. 
o.  Report  the  average  of  a  minisnmi  of  two  determinations. 


j 

i 

j 
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Hercules  Specification 
Gel  Time 


SJ-SO-2-6006C 

5 --5  G«t  tiam.  Th*  prapreg  gel  tim  shall  be  determined  u  2sUgm: 

5*5»t  Specimen  preparation.  Prep*  re  specimen  far  gel  elm  teet  as  folloea: 

*♦  Cot  12  ea  13  prepreg  strips  3/4-incfa  by  3- Inch  (4  to  5  gram)  and 
•tick  strips  an  cop  of  each  ocher,  gall  stacked  prep  rag  atrip* 

Co  font  an  apprcnciaetely  3/4- Inch  by  3/4- Inch  dim* tar  cylinder 
as  shown  in  figure  2. 

b.  FUca  prepared  spec  loan  on  one  end  of  approaimtely  3-1/2  Inch  by 
7-inch  *  0.006  inch  a  X  uni  mat  foil  and  roll  tightly.  Fold  span  ends 
tightly  over  the  middle  end  cut  one  corner  with  aciaeore  to  — u» 
approKismtely  1/16  loch  opening.  (Sae  figure  3.) 

5*5.2  ftminnent  preparation.  Prepare  equipment  for  gel  tim  teat  log  ea 
follow*: 

a*  Place  bottom  gel  plate  (figure  4)  1/4- inch  from  front  center  of 
bottoar  press  platen  end  tape  done,  with  three-inch  wide  green 
pressure  sensitive  caps. 

b.  Place  top  gel  plate  (figure  4)  against  cop  press  platan  and  center 
directly  over  bottom  gel  plate  es  sharp  in  figures  S  end  6.  tape 
top  gel  plate  in  place  with  green  pressure  sensitive  tape. 

c.  Place  a  thermocouple  on  the  center  of  bottom  gal  plate,  3/4- inch 
from  the  front  end  sod  as  shown  in  figure  3,  Stabilize  at  cast 
teaparatura  specified  in  th*  applicable  p  rap  rag  specification. 

3.3.3  Test  procedure.  The  gel  tim  test  procedure  shell  be  as  follows: 


a-  Place  thermocouple  on  bottom  gel  plate,  3/4-inch  Is  from  the  front 
edge  of  the  plate  and  1-1/2  laches  from  either  left  or  tight  edge 
aa  shown  in  figure  3.  Use  green  pressure  sensitive  cape  to  secure 
the  thermocouple  wire  so  chat  the  thermocouple  will  remain  in  the 
intended  position. 

b.  Place  gel  spectate  on  bottom  gel  plate  so  that  the  cut  comer  is 
positioned  1/S  to  1/4  Inch  behind  thermocouple  and  facing  th* 
operator. 

c.  Cloea  the  press  platan  quickly  and  apply  sufficlant  pressure  to 
obtain  approximately  L/C  inch  resin  bead.  Start  timing  at  this 
point.  The  total  a  lapsed  time  from  the  dm  specimen  ia  placed  on 
gel  plate  to  c  losing  platens  should  be  IS  £  5  second  a. 

d_  Using,  a  wooden  probe,  probe  the  edges  of  the  resin  bead.  Aa  gel 

dm  approaches,  th*  casta  becomes  quit*  viscous  sad  forme  a  string 
as  the  wooden  probe  Is  moved,  awry  from  the  taain.  Continue  probing 
until  the  resin  cease*  to  string  and  tha  resin  ease  becoees  no 
longer  plastic,  it  this  jpoine  the  resin  mass  should  form  permanent 
deformation  when  pressed  with  the  tip  of  the  wooden  probe.  Sots 
th*  slspsed  dm  and  record  eh*  elm  end  eh*  teat  temperature. 

e.  leporc  the  average  of  *  wlntnsw  of  two  da  terminations. 
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ADVANCED  COMPOSITE  DESIGN  GUIDE  VOL .  IV) 
SPECIFICATIONS  FOR  PREP REG  RESIN  AND  VOLATILE  CONTENT 


JANUARY  1973 


4.  2.3.2  RESIN  CONTENT 
4.  2.3.  2.1  Graphite 

One  2 -inch-square  specimen  with  volatiles 
removed  is  placed  in  a  150  to  250  ml  beaker. 

The  beaker  is  filled  with  100  ml  of  nitric  acid 
(HNO3)  and  placed  on  a  hot  plate  maintained  at 
100*  C  ±5“  C  (212*  F).  The  sample  is  digested 
until  fiber  is  completely  separated  as  deter¬ 
mined  by  visual  examination.  The  acid  and 
fibers  are  transferred  into  a  tared  glass  filter¬ 
ing  crucible  positioned  in  a  filtering  flash  with 
vacuum  trap  and  vacuum  pump.  Fibers  are 
washed  three  times  with  20  ml  of  HNO3  and 
followed  by  water  wash. 

The  crucible  and  fibers  are  dried  at  93.  5*  C 
+3*  C  (200*  F)  for  a  minimum  of  50  minutes, 
cooled  in  a  desiccator,  and  the  weight  (W4)  is 
obtained.  The  weight  percent  of  resin  is  com¬ 
puted  from: 

Wj  *  W4  .. 

Resin  content  w/o  «  "yj  T"w~ 


where 


4.  2.  3.  3  VOLATILE  CONTENT 

The  following  procedure  is  applicable  to 
both  graphite  and  boron  prepreg.  Filtering 
crucibles  are  conditioned  In  a  beaker  containing 
concentrated  nitric  acid  (HNO3)  for  a  minimum 
0/  1  hour  at  100*  C  *5*  C  (212*  F).  The 
crucible  is  washed,  desiccated,  and  weighed 
(W3).  A  2 -inch-square  prepreg  sample  is 
placed  in  the  crucible  and  weighed  (W2).  Pre- 
pregs  with  epoxy  resin  systems  are  conditioned 
in  a  nonrecirculating  oven  maintained  at 
93.  S"  C  ±3*  C  (200*  F)  for  a  minimum  of 
90  minutes  and  a  maximum  of  120  minutes. 

The  crucible  is  removed  from  the  oven, 
desiccated,  and  reweighed  (W3),  The  weight 
percent  of  volatiles  is  obtained  from 

W  -  W 

Volatiles  w/o  »  — — -  flOO) 


Data  are  averaged  from  a  minimum  of  three 
tests. 


Wj  =  is  crucible  weight 
W2  =  is  sample  and  crucible  weight 
W3  =  is  specimen  weight 
W4  =  is  weight  after  acid  digest  (fibers) 
Compute  weipht  percent  of  fiber  from: 

w4  -  W, 

Fiber  content  w/o  =  ^ — 7^-  1100) 
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QUALITY  CONTROL  METHOD  QCI-C-V-14 


Fiberite  Specification 

VOLATILE  CONTENT  OF  GRAPHITE  PREPREG 

1 .  Place  a  2"  x  2"  sample  into  previously  weighed  Aluminum  pan  (W  2 ).  Sample  must 
lay  flat  and  cannot  be  rolled  up  or  more  than  one  ply  thick. 

2.  Weigh  sample  and  pan  to  the  nearest  milligram  (W,  ). 

3.  Place  into  a  forced  air  oven  maintained  at  163:i:30C  for  20x0.5  minutes. 

4.  Cool  to  room  temperature  in  a  desiccator  and  weigh  to  the  nearest  milligram  (W  3 ). 

5.  Calculate  as  follows: 

W,  -W, 

Volatile  content,  percent  - - -  x  1 00 

W,  -  W4 

W,  =  weight  cf  pan  plus  specimen  before  volatile  removal. 

Wa  =  weight  of  pan. 

W3  -  weight  of  pan  plus  specimen  after  volatile  removal 


QUALITY  CONTROL  METHOD  R-15 


Fiberite  Specification 


RESIN  SOUDS  CONTENT  OF  GRAPHITE  PREPREG 


SCOPE:  This  method  is  applicable  for  the  determination  of  percent  resin  solids  in  unfilled 
carbon  or  graphite  prepreg  roving  or  tape  material  where  this  method  has  been 
found  suitable  or  is  called  out  in  a  specification. 


PROCEDURE:  1.  Run  volatile  content  on  a  sample  cut  adjacent  to  the  sample  to  be  used 
for  resin  solids.  The  volatile  procedure  used  shall  be  as  specified  in  the 
material  specification. 


2.  Cut  a  sample  of  material  approximately  3  grams  in  any  convenient  size. 

3.  Weigh  the  sample  to  the  nearest  0.0001  gram.  Record  this  as  W, 

4.  Place  the  sample  in  a  400  ml  beaker.  Add  200  ml  of  DMF  (Dimethyl 
formamide).  Boil  for  5  minutes  (time  starts  when  the  DMF  starts  to  boil). 

5.  Cool  sample.  Pour  off  the  DMF.  Wash  sample  twice  with  acetone. 

6.  Place  sample  in  a  tared  aluminum  foil  pan.  Dry  sample  for  30  minutes 
in  an  oven  maintained  at  163i3aC. 

7.  Cool  sample  to  ambient  temperature  in  a  desiccator. 

8.  Reweigh  the  sample  to  the  nearest  0.0001  gram.  Record  the  weight 
as  W2  . 


CALCULATION:  Resin  Solids  (%  by  weight)  - 

(W,  -  W,  V)-  Wa 

-  x  ioo 

(W,  -w,  V) 


Where:  W, 
W2 
V 


Original  sample  weight. 

Weight  of  carrier  remaining  after  extraction. 

Percent  volatiles  (Procedure  as  called  out  by  the  material  specification). 
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QUALITY  CONTROL  METHOD  QCI-C-F-42 


Fiberite  Specification 

FLOW  OF  GRAPHITE  PREPREG 

Flow-.  Laminate 

Form:  2  ply  2"  x  2"  square  cut 

Lay-up:  Cut  6  pieces  of  style  1581  glass  bleeder  cloth,  4"  x  4"  square  and  2 

pieces  of  pourous  teflon  separator  cloth  (EMFAB  TX-1040  or  equivalent! 
4"  x  4"  square.  Weigh  ail  to  the  nearest  milligram  (W  i  ).  Cut  2  pieces 
of  prepreg  2"  x  2",  cross  ply  0  and  90  ,  and  assemble  as  follows:  3 
pieces  1581  glass,  1  piece  porous  teflon,  2  pieces  graphite  prepreg 
{cross  plied  O'  and  90  ),  1  piece  porous  teflon,  3  pieces  1581  glass,  and 
weigh  to  the  nearest  milligram  (W2  ). 

Temperature:  325  -  5  F 

Pressure:  100  psi  (400#  total  pressure) 

Time:  15-1  minute 

Determination:  As  required 

Procedure:  Put  Mylar  release  film  on  both  sides  of  Lay-up  and  place  .nto  325  F 

preheated  press.  Apply  100  psi  for  15  minutes.  Remove  and  discard 
Mylar  film.  Remove  crossplied  test  specimen  and  weigh  1581  glass 
and  porous  teflon  to  nearest  milligram  (W  3  ). 

Calculation:  Flow,  %  ~  Wa  -  Wi  x 

WrW,  U 

W,  =  Weight  of  1581  glass  fabric  and  porous  teflon  separator 

W,  ~  Weight  of  1581  glass  fabric,  porous  teflon  separator  and  cross  plied  specimen. 

W3  =  Weight  of  1581  glass  fabric  and  porous  teflon  separator  after  cure. 
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QUALITY  CONTROL  METHOD  6-2 


Fiberite  Specification 


GEL  TIME 

Gei  time  of  graphite  prepreg  tape  or  broadgoods  materials. 

SCOPE:  This  method  is  applicable  for  the  determination  of  ge!  time  on  carbon  or  graphite 
prepreg  materials  containing  a  thermosetting  resin  which  undergoes  gelation  ai 
a  specified  temperature. 

APPARATUS 

1.  Fisher-Johns  melting  point  apparatus 

2.  Thickness  No.  2  cover  glasses  (18  mm) 

3.  Timer  or  stopwatch 

4.  Wooden  picks 

PROCEDURE 

1 .  Preset  the  Fisher-Johns  melting  point  apparatus  to  read  -  1  C  of  the  specified 
temperature. 

2.  Insert  a  W  x  '4"  sample  between  2  cover  glasses  and  place  on  the  Fisher- 
Johns  apparatus. 

3.  Start  the  timer  and  probe  the  specimen  with  a  wooden  pick. 

4  When  resin  gels  (this  is  usually  evident  when  no  resin  movement  is  seen  when 
moderate  pressure  is  applied  to  the  specimen)  stop  the  timer  and  report  the  gei 
time  to  Ihe  nearest  0.1  minute 

5.  Report  the  ge!  time  as  the  average  of  three  determinations. 


Example 

hy-E  1 348-6 


GEL  TEMPERATURES  FOR  GRAPHITE  PREPREG 


RESIN  SUFFIX 

-48 

-30 

-34 


TEST  TEMPERATURE  (°C) 

121 

170  C 

163  C  (  r) 


Resin  Suffix 


Run  at  ; 2!  C 


PREPREG  PHYSICAL  PROPERTIES 


Material 


Lot/Batch 

Number 


22300 


22300 


22300 


T300/AFR800 


Spool/Roll 

Number 


Vendor 


Hexcel 


Vo  la-tile 
Content 
(%  by  wt) 


0.26 


0.32 


0,32 


Resin 
Content 
(%  by  wt) 

Resin 

Flow 

{%  by  wt) 

41.95 

14.91 

41.43 

12.59 

42.99 

(7\ 

« 

H 

Lot/Batch 

Number 


22300 


22300 


22300 


Spool/Roll 
Numb a r 


141 


142 


141 


Tested 


11-21-78 


12-18-78 


Spool  #1 


Received 


11-20-78 


Rer.;arks 


Volatiles, Resin  Content, FI 


Gel  Time 


■I 


Test  Procedures  Followed 


Propert 


Volatile  Content 


Resin  Content 


Resin  Flow 


Gel  Time 


Applicable  Test  Spec. 

Source  of  Test  Spec. 

HD-SG-2-6006C  (5.1.2) 

Hercules 

HD-SG-2-6006C  (5.2.3C) 

Hercules 

HD-SG-2-6006C  (5.3.2B) 

Hercules 

HD-SG-2-6006C  (5.5) 

Hercules 

jk  tv 


PREPREG  PHYSICAL  PROPERTIES 


T30Q/AFR8G0 


Vendor:  Hexcel 


Lot/Batch 

Number 

Spool/Roll 

Number 

Volatile 
Content 
(%  by  wt) 

Resin 
Content 
(%  by  wt) 

Resin 

Flow 

(%  by  wt) 

22300 

9 

c. 

0.18 

41.54 

15.49 

22300 

0.07 

39.73 

15.52 

22300 

2 

0.07 

39.11 

15.53 

Lot/Batch 

Number 

Spool/Roll 

Number 

22300 

2 

22300 

2 

22300 

2 

Spool  #2 


Received 


11-30-78 


:TJ 

Tested 

rn 

Remarl 

12-1-78 


Volatiles , Resin  Cont. ,Flow 


12-13-78 _ [ _ Gel  Time 


Volatile  Content 


Resin  Content 


Resin  Flow 


Gel  Time 


Test  Procedures  Followed 


c.  Source  of  Test  Spec. 


HD-SG-2-6G06C  (5.1.2) 


HD-SG-2-6QQ6C  (5.2.3C) 


HD-SG-2-6006C  (5.3.2B) 


HD-SG-2-6006C  (5.5) 


Hercules 


Hercules 


Hercules 


Hercules 
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PREPREG  PHYSICAL  PROPERTIES ^ 


PREPREG  PHYSICAL  PROPERTIES 


Material 


Lot/Batch 

Number 


Sic/5506 


Spool/Roll 

Number 


Vendor :  AVCO 


Resxn 
Content 
{%  by  wt) 


Resin 

Flow 

(%  by  wt) 


Volatile  Content 


Resin  Content 


Resin  Flow 


Applicable  Test  Spec. 

Source  of  Test  Spec. 

Section  4. 2. 3. 3 

Advanced  Composites 
Design  Guide, 

Section  4. 2. 3, 2.1 

Jan.  1973,  Vol .  IV 
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PREPREG  PHYSICAL  PROPERTIES 


Material:  HyE  2034D 


Lot/Batch 

Number 


C0-010 


Spool/Roll 

Number 


Volatile 
Content 
{%  by  wt) 


0.62 


0.69 


0.69 


Vendors  Fiberite 


Resin 
Content 
{%  by  wt) 


39.05 


38.33 


40.16 


Resxn 

Flow 

{%  by  wt) 


22.35 


26.68 


26.35 


Test  Procedures  Followed 


Volatile  Content 


Resin  Content 


Resin  Flow 


Gel  Time 


Applicable  Test  Spec. 

Source  of  Test  Spec. 

QCI-C-V-14 

Fiberite 

R-15 

Fiberite 

QCI-C-F-4  2 

Fiberite 

G-2 

Fiberite 

HPLC  ANALYSIS 

SAMPLE  tCONC,)-i^iCr.^2^5  SAMPLE  S^Ai2^/js£, _ 

MOBILE  PHASE  1  JbsfefSiflift..  MOBILE  PHASE  _ 

FLOW  RATE L__JkSLt£Ss*k _ PRDfi8AM.„^f^i-fi» _ 

COLUMN® _ 9J?A _ _ OETECTOR-.T.CV^E-^X- _ 

ATTENUATION _ 23*. _ WAVE  _ 

CHART  SPEED _ £  _  FULL  SCALE  (rr.V) _ H^J^L _ 


INJECT  ii : 54 : <i  1 


Figure  B-2.  HPLC  Analysis  of  Fiberite  934  Epoxy  Resin 
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Material 


Lot/Batch 

Number 


2W4810 


PREPREG  PHYSICAL  PROPERTIES 


T300/V378A 


Spool/Roll 

Number 


Volatile 
Content 
(%  by  wt) 


Vendor:  U.S. 

Polymeric 

Resin 

Gel  Time  @ 

Content 

210°F (99°C) 

(%  by  wt) 

(minutes)  1 

29.00 

30.52  1 

30.28 

32.03 

32.63 

31.97 

1 All  data  on  Batch  No.  2W4683  was  generated  by  USP. 


Test  Procedures  Followed 


Applicable  Test  Spec. 

Source  of  Test  Spec. 

oci-C-V-14  2 

Fiberi  te 

R-15 

Fiberite 

G-2 

Fiberi te 

Volatile  Content 


Resin  Content 


Gel  Time 


'‘Test  conducted  at  350°F  (177°C)  for  5  minutes  rather  than 
325°F  (163°C)  for  20  minutes  as  called  for  in  step  3 
of  specification. 
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iKT^r*  ir  rr  rr 

T~Ml 
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HPLC  ANALYSIS 

*»t*A  - 

SAMPLE  (CONC.) _ _ SAMPLE  SIZE _ ZS-Jdjt. 

MOBILE  PHASE  1 _ &*<?- _ MOBILE  PHASE  2 . . 

FLOW  RATE _ J *ee4-J*^- _ PROGRAM _ MfttS.?.;.. 

COLUMNS) _<5Cl _ DETECTOR .  .TrjMC.-.M.V  - 

ATTENUATION _ . ,1  — _ . . -  WAVE  LENGTH T_*f_ 

CHART  SPEED.  .Uikutufanim. _ FULL  SCALE  UV.Vi _ _ 

DAT£ . .„•»*.??. _ OPERATOR _ {L-.fifkft.  - 

I  o*fi 


T ttAS  r*»n.) 


Figure  B-3. 


HPLC  Analysis  of  New  U.S. 
Polyimide  Resin. 


Polymeric  V378A 
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PREPREG  PHYSICAL  PROPERTIES 

Material :  HyE  1076 J  Vendor:  Piberite 

Lot/Batch 

dumber 

Spool/Roll 

Number 

Volatile 
Content 
{%  by  wt) 

Resin 
Content 
(%  by  wt) 

Gel 

Time1 

{ndn) 

Cl- 285 

1 

0.57 

37.77 

21.4 

Cl-285 

1 

0.51 

37.84 

20.1 

Cl- 285 

1 

0.23 

37.46 

22.3 

xat  177°C 

Test  Procedures  Followed 

Property 

Applicable  Test  Spec. 

Source  of  Test  Spec. 

Volatile  Content 

QCI-C-V-14 

Piberite 

Resin  Content 

Method-R-15 

Piberite 

Gel  Tine 

Method-G-2 

Piberite 
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PREPREG  PHYSICAL  PROPERTIES 


Material:  G-160/6535-1 


Lot/Batch 

Number 


Spool/Roll 

Number 


Vendor 


AVCQ 


Volatile 
Content 
(%  by  wt) 

Resin 
Content 
(%  by  wt) 

Gel  Time  @ 
327°F (164  °C) 
(minutes). 

0.23 

39.27 

38.49 

0.22 

41.58 

37.21 

0.14 

40.82 

38.55 

0.28 

42.77 

38.68 

0.13 

40.73 

37.75 

0.22 

44.09 

38 . 30 

Test  Procedures  Followed 


Prooert 


Volatile  Content 


Resin  Content 


Gel  Time 


Applicable  Test  Spec. 

Source  of  Test  Spec. 

QCI-C-V- 14 

Fiberite 

R-15 

Fiberite 

G-  2 

Fiberite 

SSS8saBSg^gsawwsa»i«Bg 


APPENDIX  C 

LAMINATE  PHYSICAL  PROPERTY  DATA 

All  of  the  physical  property  measurements  conducted  upon 
the  panels  fabricated  and  used  in  this  program  are  presented 
here.  Summaries  of  these  data  appear  in  Sections  4.1  through 
4.6. 
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LAMINATE  PHYSICAL  PROPERTIES 


Material?  T300/AFR800 


So. 

Plies 


6 


90°  15 


0°  14 


14 


F23 

±45° 

8 

F24 

mm 

8 

F25 

±45° 

8 

F26 

mm 

8 

F27 

±45° 

8 

Spec. 

Grav. 

Content 
{%  by  wt) 

conteni 
toy  v< 

1.60 

24.4 

71.2 

1.64 

25.4 

72.0 

1.60 

25.2 

70.4 

1.65 

25.3 

72.5 

1.58 

31,8 

63.4 

1.59 

24.4 

70.7 

1 . 62 

25.0 

71.4 

1.61 

25.4 

70.7 

1.60 

25.0 

70.6 

1.56 

25.3 

68.6 

1.62 

24.9 

71.5 

1.62 

24.2 

72.2 

1.62 

24.5 

72.0 

1.54 

24.6 

68.3 

1.61 

24.3 

71.7 

1.62 

24.1 

72.2 

■sa 

24.1 

73.9 

1.71 

2  3.5 

77.0 

- 

24.0 

72.5 

1.58 

25.9 

68.8 

30 . 7 

64.0 

USB 

62.4 

mmm 

29.9 

66.1 

1.56 

30.8 

63.4 

1.57 

30 .1 

64  .5 

22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


22300 


LAMINATE  PHYSICAL  PROPERTIES 


LAMINATE  PHYSICAL  PROPERTIES 


Material:  SiC/5506 


No. 

prient. 

Plies 

Gray . 

{%  by  wt) 

(%  by  vt 

G9 

mm 

15 

2.37  ! 

19.2 

59.5 

G10 

0° 

40 

2.36 

17.9 

59.5 

G14 

-45° 

8 

2.33 

19.4 

57.5 

G15 

8 

2.34 

19.1 

58.1 

G16  ! 

BS 

8 

2.30 

22.0 

53.9 

G17 

-45° 

1  ! 

8 

2.35 

20.3  ' 

57.5 

G20 

■a 

14 

2.34 

20.6  ! 

57.3 

G21 

90° 

14 

2.40 

18.2 

60.4 

G22 

■sna 

1  15 

2.37 

19.6 

58. T 

G23 

Hi 

6 

2.39 

SERB 

60  .0 

G24 

Hi 

15 

2.38 

20.3 

mm 

G25 

90° 

15 

2.38 

18.8 

59.4 

G26 

90° 

IB 

2.30 

17.5 

60.4 

G27 

eia 

8 

2.36 

19.4 

58.4 

G28 

sm 

8 

2.34 

19.1 

58.1 

G29 

um 

i  s 

2.34 

19.5 

1  57.9 

G30 

KEB 

8 

2.33 

.  _  .  _ 

19.3 

!  57.6 

G31 

tsm 

8 

2.32 

19.0 

57.7 

G32 

B9 

20 

j  2.35 

19.4 

58.3 

G33 

(1) 

20 

2.36 

18.6 

59.0 

G34 

(1) 

|  20 

2.35 

19.0 

58.6 

G35 

(1) 

20 

2.35 

13.7 

58.4 

G36 

(1) 

20 

2.36 

13.8 

58.7 

G37 

0° 

.14 

!  2.41 

17.4 

61.2 

G38 

mmwm 

2.39 

18.3 

60.1 

G39 

(i) 

2.35 

18.7 

58.8 

G40 

(i) 

20 

2.35 

19.4 

58.2 

(1) 

(0,45, 

-45,0 

,0,-45, 

45,0,90, 

0)  s-20 

0 


1.70 


1.52 


1.27 


0 


0 


0 


0.02 


0 


1 . 37 


0.12 


1.41 


0.66 


1.41 


2.2 


1.01 


1.17 


0.85 


1.26 


0.89 


0.46 


0.36 


ply. 


2 

1 

2 

1 

2B 

2 

2B 

2 

2B 

2 

2B 

2 

*B 

2 

2B  | 

2 

■i  .  i  1  T  I 

2B 

2 

2B 

2 

2B 

2 

2B 

2 

2B 

2 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2A 

2  A 

LAMINATE  PHYSICAL  PROPERTIES 


LAMINATE  PHYSICAL  PROPERTIES 


Material:  t30Q/V378a 


* 


1-35 

<y9Q'45 

1-36 

(Y9<y4S 

X-  38 

C/9(y45 

■  i 

1-39  i 

iyyQ''45 
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LAMINATE  PHYLTjAL  PROPERTIES 


Material:  HyE  1076J 


No. 

Plies 

Spec. 

Grav. 

■n 

1.62 

14 

1.61 

8 

1.62 

8 

1.62 

8 

1.62 

8 

1.62 

8 

1.61 

8 

1.62 

8 

1.62 

8 

■ami 

8 

1.61 

8 

1.62 

20 

1.65 

20 

1.61 

20 

1.62 

20 

1.63 

20 

1.62 

6 

1.64 

6 

1.58 

20 

1.62 

20 

1.60 

20 

1.62 

20 

1.62 

20 

1.62 

20 

1.63 

15 

1.63 

15 

1.64 

(0,45, 

-45,0,0,- 

Resin 
Content 
%  by  wt) 


26.3 


23.6 


26.2 


24.6 


24.3 


26.1 


24.7 


25.2 


26.2 


24.9 


25.6 


25.7 


25.5 


25.1 


25.6 


25.0 


24.8 


32.9 


37.7 


24.1 


25.4 


24.6 


24.4 


24.8 


24.9 


24.0 


24.2 


67.1 


68.9 


67.1 


68.7 


68.9 


67.3 


68.5 


68.1 


67.2 


67.9 


67.3 


67.2 


69.0 


67.7 


67.7 


68.8 


68.5 


61.9 


55.3 


69.1 


67.0 


68.6 


68.9 


68.5 


68.8 


69.7 


69.9 


Thick, 
per  ply 
(10-3in.)|  No 


-0.37 


1-13 


-0.34 


0.26 


0.34 


-0-28 


0.40 


0.05 


-0.05 


0.95 


0.33 


0.16 


-1.75 


0.69 


-0.12 


-0.73 


0.18 


-3.95 


-1.85 


0.42 


1.18 


0.23 


0.10 


0.17 


-0.47 


-0.37 


-0.83 


45 ,45,0,90 ,0) g  -  20  ply. 
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LAMINATE  PHYSICAL  PROPERTIES 


Material:  HyE  1076J 


Resin  ) 
Content  O 
fc  by  wt) C» 

25.0 


Cl-285 


Cl- 285 


Cl-285 


Cl-285 


Cl-285 


Cl-285 


Cl-285 


1 Negative  void  contents  can  be  computed  if  the  assumed  resin  and  fiber 
specific  gravities  are  not  precisely  accurate,  or  if  the  measured 
composite  specific  gravity  or  resin  content  is  not  exact.  In  any  case 
they  reflect  a  low  void  content  and  are  assumed  here  to  represent  a 
void  free,  or  zero  void  content  condition. 
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LAMINATE  PHYSICAL  PROPERTIES 


Material:  G- 160/6535-1 


No. 

Plies 


Spec. 

Grav. 


K3 

±45° 

8 

K4 

±45° 

8 

K5 

±45° 

8 

K6 

±45* 

8 

K7 

±45° 

8 

K8 

±45° 

8 

K9 

±45° 

8 

K10 

±45* 

8 

Kll 

±45° 

8 

- . -  . 

K12 

0° 

6 

K13 

0° 

6 

K14 

90° 

15 

K15 

90° 

15 

K16 

90° 

15 

K17 

\o 
!  °o 
\ _ 

15 

K18 

i 

VQ 

O 

o 

15 

K19 

0 

O 

_ 1 

21 

K20 

0° 

40 

K21 

0° 

21 

K24 

(1) 

20 

K25 

(1) 

" 

20 

K26 

(1) 

20 

K34 

16 

K35 

181 

16 

K36 

(2) 

16 

K37 

(3) 

20 

K38 

(3) 

20 

(0,45,-45,0,0, 

(0,45,-45,0,0, 

(0,90,45,-45,0 


-45,45 

-45,45 

,0,-45 


,0 , 90 ,0 ) g-20 

,0) g-16  ply 
,45,0,0) s-20 


68.0 


67.1 


67.9 


68.0 


67.2 


67.9 


67.6 


67.6 


68.3 


68.3 


71.3 


68.3 


68.6 


68.3 


69.0 


66.1 


71.5 


69.6 


70.5 


67.8 


68.0 


68.7 


68.2 


67.6 


67.3 


67.1 


67.3 


ply 


-1. 

.42 

-1, 

.33 

-1, 

.07 

-2, 

.06 

-0, 

.95 

-1, 

.63 

-0 

.70 

-1.70 
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LAMINATE  PHYSICAL  PROPERTIES 


APPENDIX  D 
TENSION  DATA 


All  of  the  tension  data  generated  during  this  program 
are  listed  in  this  section.  These  data  are  summarized  and 
presented  in  both  tabular  and  graphical  form  in  Sections  4.1 
through  4.6. 

The  specimen  numbering  notation  used  in  this  and  subsequent 
appendices  is  illustrated  in  the  example  below. 


F  23-5 


Indicates  the  material 


J 


L 


specimen  number  from  the  panel 


* — panel  number  from  which  specimen 
was  machined 


P  -  T300/AFR800 
G  -  SiC/5506 
H  -  HyE  2034D 
I  -  T300/V378A 
J  -  HyE  1076 J 
K  -  G-160/6535-1 
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1119- 9  90^'  4b0  4.51  1.00  2.17 - - - 4,640 

1120- l  i  90°  450 _ 4.69 _ 0 . 99 _ 3.44 - - - 4,825 

121-10  9"^  450 _ 4.66  '  1.01 _ 3 . 03 - - - 4 , 705 

Avg  . _ 4,21  1.00 _ 2.55 _ 4,290 

Std.Dev.  5T57  1  -  0.02  0.64   630 


included  in  ult.  strain  avg .  and  std.  dev 


$5 '  'l^AojUdAS A-i  w>  &  i-'ii  i  & ** 


0!  ~ 

-U  G  G 
TO  -H  -H 

B  m  N 

-MUX 
-U  'H 
iH  W  ^ 

n>  w 


o  q  o  c 
d  qo  c 

f*«  O'!  ml  cr 
<*\l  H  CM!  (T 


ft  1  «  >  t  I  f 

111  111ft 

4  I  I  I  I  I  I 


t  I  I  I  1 

I  I  t  1  t 
till! 


II  till  I 
l  I  l  l  t  i  I 
I  !  tilt  I 


I  t  ill  I  I  9 
I  I  I!  »  I  i  I 
I  l  SI  l  I  I  I 


w 

4 j  * 

«  *o  e 

-M  — 

••  CD  *  05 

r-S  © 

m  v<  o  ^ 

■H  4J  M 

U  CA  Oi 


H  ©*H 
id  3  w 
*H  H  Q( 
4J  OVO 
■H  *dO 
C  OH 

h  se  — 


!  n-l  osi 

f  orJ  o->|  COl 


> 

oj  r"  tc 


nl  0)1  ail 
M’l  <n|  o)| 


®  J5 

4J  4J  ~~ 
TO  Cft-H 

e  C  m 

-4  ® 

4J  H  *- 

rH  -U 

3  CO 


co 

cs  qn) 

r* 

CO 

rH 

\o  n- 

r— l 

vO 

a> 

cn 

r~  <n 

->  r"  vo 

<T\ 

r' 

in  ■■si  vO 

CO 

vO 

vO 

1  rH 

co 

00 

vO 

in 

in 

vO  CO  v 

c  ^ 

lD 

vo  m 

o 

m 

m  cm 

co 

o 

rC 

co 

n  n  f 

(1  o 

■p  a— 
ro  E  Pm 
1)0)0 
E-i  — 


r'l  t~~ 


<N  tN  (N  <N 

I  r-  r-|  H  H 


o 

O 

O 

o 

O 

O 

o 

V0 

vO 

vd 

VO 

VO 

in 

in 

CN 

CM 

n2 

CM 

CM 

CO 

rO 

s  a  s  ° 


I  o  o  o  )  « 
|OQ  O  o 

cn  ~j5  v7"'  j  cr  i 


g  g  gjgigi 


O  O  o  o  o 

o  o  o  a  a 

ci  a>  ai  <jvf  cri 


?! 

co 

r0 

CM 

■^T 

% 

M 

in 

M 

M 

CM 

#  s1 

CO 

CO! 

dv 

• 

CD 

r- 

g  ! 

co  csl 

l  i  i 

m 

i 

voj 

l 

P*. 

CO 

1 

d> 

1 

d 

a 

M 

vO 

1 

VO 

CO 

O 

0  *| 

vO 

r-1 

* 

co 

d 

o 

•  1 

vO  r-< 

03 

CM 

CM 

CM 

CM 

CM 

> 

X 

CM 

CM 

CM 

CN 

CO 

>  T5 

CM 

CM 

CM 

CM 

m 

> 

*0 

CM  CM! 

CM 

Hi 

*"3 

H> 

H> 

Hi 

< 

u 

LTJ 

Hi 

n 

Hi 

Hi 

-U! 

in 

i 

H) 

Hj 

Ha 

Hi 

< 

4J 

** 

4J  c  c 

CQ  ‘ri 

e  «v 

-M  U  C 
4i  -U  -H 
HOi  ^ 

o  w 


!  1  *  I  I  \  I 

t  I  «  I  1  »  f 

<2(21)} 


(fill! 
I  1  I  I  I  I 
l  I  I  I  I  1 


11*119  I 
111*1*1 
t  »  1  *  *  l  I 


i  t  »  j  (  If 

!  I  *  J  J  )  J 

!  I  I  I  }  If 


XQ  i4  -H 
m  •  CO 

©  a  ^ 

<P  V4 

w  eu 


H  03*H 
*  3  <# 
*W  r— I  Ou 
4-»  3vO 
•WOO 
C  OH 
H  2!  — 1 


m3 


<N  1  Ml  Mf  Ml  r-ll 


0)  -C 
•U  4J  ^ 

«  o*-a 
6cm 
-H  ®  X 
u  n- 

r-4  -P 

D  W 


-p  a—- 
«  e  Cm 

<D  ©  o 

H  fr«  — 


IDIVD  CTlf  ol  Ml 

m  nlnl  cnl  ml 


in  I  tn  •?j^l  ml  cl 


i  21  ml  Si 


f^r-r^r^r* 
VD  VO  vO  VQ  10 
i  ill  \ 


o  |o  1  o  o  o 

ojololo  O 
0>  jof  Ch  <T»  c\ 


CM  ] 

n 

ro  m 

*n 

1  i 

l 

in 

1  i 
id  r-  1 

1 

CO 

f— f 

r— < 

H  H  j 

r— 1 

Ui 

US 

W  i»4 

US 

O  O  O  O 
CM  CM  OM  0*| 


r—i  I — I  r-J 

\  I  I  J  «  G) 

in  m  v£>  r~  tr  Q 

**  r-i  rA  >  • 

Ui  X  X  X  <  *0 

•U 


{O  col  m  cmi  o  oo 

O  rajx}  r-|  o  CO 


o  o  o  o  o 

vO  n0  ^  vC  vO 

(N  rj  CH  <N  fN 


<?|o  o  o  o 

I  U'|U‘  ^'1 


O 

**> 

> 

1 

10 

1 

IV 

1 

,  CO 

i 

m 

& 

a 

r-< 

—i 

1  M 

■?? 

> 

* 

US 

UJ 

1 

i  US 

X 

< 

•d 

4J 

rn 

yyo  o 


CNj  <N  CN  CN  > 

(III  »  Q> 

m  v£)  r->  in  u  q 

*h  *h  --i  ^  >  * 

u:  M  us  ui  <  *a 


319 


-45,0,0,-45,45,0) s-16  ply;  2 (0,90,45 ,-45, 0,0 , -45 ,45 ,0 ,0) s-20  ply 


APPENDIX  E 
COMPRESSION  DATA 

All  of  the  compression  data  generated  during  this  pro¬ 
gram  are  presented  in  this  section.  They  are  summarized  in 
tabular  and  graphical  form  in  Sections  4.1  through  4.6. 
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—  K21-24 _ QZ _ 350 _ 160.7 _ 19.51 _ 119 .4 

-AY3.:, . . 151.4 _ 21.40 _ 101.9 

Std.Dev.  .  ..  11.3  "  2.45 _ 23.2 


APPENDIX  F 
FLEXURE  DATA 


Ail  of  the  flexure  data  generated  during  this  program 
are  listed  in  this  appendix.  Summaries  of  these  data  are 
tabulated  in  Sections  4.1  through  4.6. 
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“Test;  Flexure  '"" r  L/D  Ratio 

Materials ;  tJooTaprsoo 

. i  up*.  ■  «'■  — — 

Fiber  Test  Ultimate  Modul 

Specimen  Orien-  Temp.  Strength  Elast 

Number  tation  (°F)  (ksi)  (106 


F19-5 


F19-8 


FI  9-12 


F19-15 


F20-3 


Avg . 


Std.  Dev 


(fcsi) 


299.7 


(106 


21.24 


20 . 59 


Remarks 


4  pt. /tensile  failure 


on  lower  surface 


F  .19-14 


0° 

260 

1 

1  206.5 

0° 

260 

206 . 8 

20.22 


21.06 


0.99 


.  2  1 


20. 57 


20.82 


0.42 


4  pt./delamination  ' 


failures 


I 


Test:  Flexure  L/D  Ratio:  32:1 

Materials:  t300/afrsoo  1 

Specimen 

Number 

Fiber 

Orien¬ 

tation 

Test 

Temp. 

(*F) 

Ultimate 

Strength 

(ksi) 

Modulus  of 
Elasticity 
(10®psi) 

Remarks 

0° 

350 

184.0 

16.72 

3  pt./Compr. 

F19-11 

0° 

3  50 

162.6 

17.05 

3  pt./Compr.&Delam. 

0° 

350 

167.2 

17.23 

3  pt./Compr. 

FIS  - 2 1 

0° 

350 

168.4 

17.40 

3  pt./Compr. 

F20-4 

ou 

350 

181.1 

17.72 

3  pt./Compr.&Delam. 

Avg  . 

172.7 

17.22 

shear  stress  at 

Std.  Dev. 

9.3 

0.37 

failure  =  2560  psi 

F 1 9-  3 

0° 

350 

181.5 

19.70 

4  pt . /de lamination 

F19-9 

0° 

350 

187.3 

20.16 

failures 

F19-18 

0° 

350 

181.3 

19.74 

r 

F  2  0  -  2 

0° 

350 

192.5 

20.06 

F20-5 

0° 

mm 

191.5 

20.05 

_ J 

f 

Avg. 

186.8 

19.94 

shear  stress  at 

Std . Dev . 

5.3 

0.21 

failure  =  5880  psi 
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J 


Test 


Flexure 


SIC 


rirtana 


Fiber  Test 
Specimen  Orien-  Temp. 
Number  tation  (°F) 


G20-16 
G20-20 
G20-24 
G20-28 
Avg . 

Std.  Dev, 


G20-4 

G20-8 

G20-17 

G20-22 

G20-23 

Avg  . 

Std.  Dev. 

G20-7 
G  2  0  -  14 
G20-19 
G20-21 
G  2  0  -  2  7 


L/D  Ratio 


Ultimate 

Strength 

(ksi) 


318.7 


317.9 


333.3 


318.7 


324.7 


336.4 


324.9 


8.1 


316.3 


298.0 


324.1 


313.5 


320.8 


314.6 


10.1 


187.6 


166.: 


171.4 


204.1 


217.2 


189.3 


31.42 


32.41 


31.42 


32.42 


31.72 


33.14 


31.92 


0.71 


31.29 


32.98 


31.35 


32.42 


31.82 


0.48 


30.00 


28.44 


29.61 


29.00 


30.89 


Remarks 


.4  pt. /tensile  failure 


on  lower  surface 


on  lower  surface 


4  pt. /shear  failure 


29.59 

Shear  stress  at 

0.94 

failure  =  5900  psi 
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. '  4 


Test:  Flexure 


HE 33330 


L/D  Ratio :  32:1 


Fiber  Test 
Specimen  Orien-  Temp. 
Number  tation  (“F) 


rto 


G20-2 


F20-10 


F20-13 


F20-18 


F20-26 


Avg . 


Std.Dev. 


Ultimate 

Strength 

ftsi) 

Modulus  Of 
Elasticity 
(10®psi) 

109.9 

32.22 

118.0 

29.11 

121.5 

31.23 

124.7 

31.42 

126.2 

27.83 

120.0 

30.36 

6.5 

1.82 

Remarks 


Shear  stress  at 


failure  =  3750  psi 


G37-1 


G37-3 


G37-5 


Avg . 


Std.  Dev. 


322.6 


308.7 


322.9 


312.4 


316.7 


.2 


28.87 


28.67 


30.23 


28.07 


28.96 


0.91 


3  pt/ tensile  failure 


on  lower  surface 


li 


-2 


-4 


-6 


37-8 


vg. 


td . Dev . 


21-14 


21-23 


170.1 

24.00 

182.9 

25.70 

173.8 

24.04 

175.2 

24.56 

175.5 

24.58 

5.4 

0.79 

17.3 

2.85 

17.3 

2.62 

14.9 

2.58 

14.6 

2.95 

15.2 

2.54 

15.9 

2.71 

3  pt/shear  failure 


Shear  stress  at 


failure  =  2770  psi 


4  pt.  loading 


340 
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Test:  Flexure _ 

Materia Is:  SIC/5506 


Number 

G21-1 

G21-5 

G2X-10 

G21-15 

G21-20 

G21-25 


Avg  . 


Std . Dev . 


G21-2 
G21-3 
G21-16 
G  2  1  -  2  4 


Avg  . 


Std . Dev 


G21-4 

G21-6 

G21-12 

G21-2I 
G  2  1  -  2  7 
Avg. 


Std .Dev . 


L/D  Ratio:  32: 1 


Std . Dev . 


Fiber 

Orien¬ 

tation 

Test 

Temp. 

{ ®F) 

Ultimate 

Strength 

<*si) 

Modulus  of 
Elasticity 
{lO^psi) 

90° 

72 

14.9 

2.52 

O 

0 

72 

15.5 

2.44 

90° 

72 

13.5 

2.31 

o 

O 

cr> 

72 

15.0 

2.23 

90° 

72 

14.3 

2.17 

90° 

72 

13. S 

2.39 

14.5 

2.34 

0.8 

0.13 

ii  in 

o 

o 

& 

260 

10.0 

1.18 

<£> 

O 

0 

260 

10.3 

1.57 

90° 

260 

10.4 

1.34 

90* 

260 

11.6 

1.50 

9  0° 

260 

13.2 

1.62 

11.1 

1.44 

1.4~ 

0.18 

to 

o 

o 

350 

6.7 

0.86 

90° 

350 

6.9 

0.85 

O 

0 

350 

7.7 

0.89 

90° 

350 

7.4 

0.84 

0 

o 

3  50 

6.1 

0.82 

7  .0 

0.85 

0.6 

0.03 

KO 

o 

0 

3  50 

8-2 

O  0  2 
\J  -  w*  w 

90° 

.  350... 

11.3 

1.13 

90° 

3  5  0 

8.9 

0.96 

<0 

o 

0 

_ 350„ 

11.1 

1.12 

_ Remarks 

4  pt.  loading 


4  pt.  loading 


4  pt.  loading 


3  pt.  loading 
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Test:  Flexure 


Materials :  hve  20340 


L7D  Ratio 


Fiber 


Number 


HS-5 


H8-16 


H8-19 


H8-26 


H8-3 


H8-15 


Avg. 


H8-10 


H8-13 


H8-17 


H8-21 


H8-24 


Avg. 


Std.Dev. 


H8-4 


H8-6 


H8-11 


H8-25 


Avg . 


Std.Dev. 


Test 

Temp, 

(°F) 

Oltimate 

Strength 

(kSi) 

-67 

96.1 

- 1 

0° 

1 - 

72 

91.9 

0° 

72 

87.4 

41.62 


41.84 


Remarks 


4  pt.  loading 


63.3 

37.49 

64.5 

45.36 

66 . 7 

39.16 

70.0 

40.81 

69.9 

39.47 

66.9 

40,46 

_ J 

2,98 

4  pt,  loading 


m 

A 


■  ^ 
m 


Test:  Flexure 


IE3S2I 1 


2034D 


Fiber  Test 
Specimen  Orien-  Temp, 
Number  tation  { “F) 


H9~l 


H9-9 


H9-19 


H9-22 


H9-24 


Avg. 


Std.  Dev. 


H9-3 


H9-6 


H9-15 


H9-16 


H9-20 


Avg. 


Std.  Dev 


H9-12 


H9-7 


H9-13 


H9-14 


H9-17 


Avg . 


Std.  Dev. 


Ultimate 

Strength 

Ocsi) 


5.54 


90° 

350 

o 

O 

350 

90° 

350 

90 0 

350 

90° 

350 

L/D  Ratio 


90° 

72 

5.72 

90® 

72 

5.08 

90° 

72 

5.57 

90° 

72 

4.80 

90° 

72 

5.31 

# m  v m  m 


3  pt . 


it 


Test:  Flexure  L/D  Ratio:  32:1 

Materials:  T300/V378A 

Specimen 

Humber 

Fiber 

Orien¬ 

tation 

Test 

Temp. 

(•F> 

Ultimate 

Strength 

(ksi) 

Modulus  of 
Elasticity 
<106osi) 

Remarks 

11-2 

0° 

450 

172.8 

16.67 

tension  on  bottom  & 

<7> 

1 

H 

H 

0° 

450 

176.1 

16 .23 

compression  on  top 

11-12 

0° 

450 

157.3 

15.24 

compressive  failure 

11-14 

0° 

450 

157.7 

16.45 

on  upper  surface 

11-21 

0^ 

450 

156.5 

15.82 

i  .  - 

Agv . 

164 . 1 

16.08 

Std.Dev. 

9.5 

0. 57 

— -  - 

345 


Test:  Flexure  L/D  Ratio 


Materials:  hve  1076j 


Fiber  Test  ultimate 
Specimen  Orien-  Temp.  Strength 
Number  tation  (°F)  Cksi) 


J2-4  0ft  -67  268.9  19. 35 


J2-11  0*  -67  263.8  18.62 


J2-16  0°  -67  239.3  18.83 


J2-20  0°  -67  276.3  18.81 


J2-23  0°  -67  261.3  17.50 


Avg.  261.9  18.62 


Std.  Dev-  |  13.9  0.68 


Remarks 


3  pt. /tensile  failure 


J2-2 


J2-7 


J2-9 


J2-17 


J2-22 


Avg. 


Std.  Dev. 


72 

186.3 

14.57 

4  pt. /tensile  failure 

189.7 


191.4 


187.5 


195.8 


13.84 


15.21 


15.37 


15.29 


190.1 

14.86 

3.6 

0.65 

J2-8 


J2-13 


J2-18 


J2-21 


Avg. 


Std.  Dev. 


152.1 


149.4 


148.1 


158.2 


176.2 


156.8 


11.5 


13.74 


12.97 


12.02 


12.57 


13.97 


13.05 


0.81 


Note:  primary  failure 


in  compression (4  pt.) 


tension  failure/4  pt. 


J2-3 


J2-10 


J2-12 


J2-15 


J2-25 


Avg. 


Std.  Dev. 


145.7 


178.0 


183.3 


185.0 


197.4 


185.9 


17.08 


19.43 


ly  .0  7 


17.49 


17.31 


18.32 


shear  failure/4  pt. 


3  pt. /compression  far 


Avg.  omits  J2-3 


8.2 


347 


1.08 


§ 


'  M 


#'®j 

c&*xl 


Flexure 


E  1G76J 


Number 


5 


ji-ro 


Jl-15 


J1-.19 


Jl-25 


Avg . 


Std.  .Dev. 


Fiber 

Orien¬ 

tation 


J1  -4 


Jl-8 


Jl-16 


Jl-20 


Jl-26 


Avq. 

Std.  Dev 

Ji-2 

Jl-7 

Jl-14 

Jl-21 

Jl-23 


Test 

Temp. 

(°F) 

Ultimate 

Strength 

<ksi) 

-67 

8.34 

-67 

9.21 

11.78 


10.48 


11.72 


10.31 


1.52 


4  pt.  loading 


Avg  . 

— 

7.03 

1.45 

Std.  Dev. 

1.16 

0 .17 

Kwrea 


■  m 


i 

i 


Test;  Flexure  L/D  Ratio:  32:1 

Materials :  g- 160/6535-1 

Specimen 

Number 

Fiber 

Orien¬ 

tation 

Test 

Temp. 

(°F) 

Ultimate 

Strength 

{10 3  psi) 

Modulus  of 
Elasticity 
(lOSpsi) 

Remarks 

K41-4 

0° 

-67 

243.4 

18.62 

3  pt .  loading/ tens , f  ai L 

K41-9 

0°= 

-67 

236.3 

17.70 

K41-21 

0° 

-67 

251.6 

19.09 

K41-23 

0° 

-67 

212.3 

18.85 

K41-29 

0° 

-67 

255.9 

20.94 

* 

Avg . 

2  39.9 

19.04 

Std.  Dev. 

17.2 

1.19 

K41-1 

0° 

72 

237.6 

18.34 

4  pt.  loading/ tens.  & 

K41-5 

0° 

72 

230.7 

18.22 

compr .  £« 

lilure 

K.41-10 

0° 

72 

235.9 

18.33 

K41-20 

0° 

72 

215.2 

20.09 

K41-15 

0° 

72 

237.0 

17.48 

l  .. 

Avg. 

231.3 

18.49 

Std.  Dev. 

9.4 

0.96 

K41-3 

0° 

260 

199  .5 

19.06 

4  pt.  load/shear  fail. 

K41-7 

0° 

260 

17.8.0 

19.40 

4  pt.  load/shear  fail. 

K41-11 

0° 

260 

214.2 

18.49 

3  pt.  load/tens.  S 

K41-16 

0° 

260 

223.5 

17.33 

compr.  failure 

. 1  - . 

K41-25 

CO 

260 

221.5 

18.19 

1  . 

Avg . 

219.7 

18.00 

omits  K41-3  &  K.41-7 

Std.  Dev. 

4.9 

0.60 

omits  K41-3  &  K41-7 

K41-2 

0® 

350 

186.5 

16.21 

3  pt,  load/tens.  & 

K41-6 

0° 

350 

179.6 

16.44 

compr *  f 

ailure 

K41-12 

0° 

350 

177.5 

17.46 

K41-18 

0° 

350 

189.4 

17.53 

K41-22 

0° 

350 

175.8 

16.62 

Avg . 

181.7 

16.95 

Std.  Dev. 

5.9 

0.61 

549 


Testt  Flexure 


G- 160/6535-1 


■rereyrerea 


Fiber  Test 
Specimen  Orien-  Temp . 
Number  tation  (°F) 


K42-21 


K42-3 


K42-23 


Av 


Std.  Dev 


L7D  Ratio 


Ultimate 

Strength 

(l'O^osi) 


Remarks 


10.14 


10.11 


7.09 


8.59 


8.63 


9.11 


350 


APPENDIX  G 
INPLANE  SHEAR  DATA 


All  of  the  inplane  shear  data  generated  during  this 
program  are  presented  in  this  section.  These  data  are  both 
tabular ly  and  graphically  summarized  in  Sections  4.1  through 
4.6. 


Fiber 

Orien¬ 

tation 

i 

I  Test 
Temp. 
<*F} 

+  45° 

-67 

Test:  Inplane  Shear 


Materials 


Number 


G14-4 


G15-2 


G17-3 


G17-6 


Avg. 


Std.Dev. 


±45 


±45° 


±45° 


±45° 


10.31 


10.12 


10.20 


8.85 


9.83 


9.86 


0.59 


Inplane 

Shear 

Modulus 

(106psi) 


1.06 


1.07 


1.12 


1.07 


1.07 


Remarks 


G14-5 


G15-1 


G15-4 


G17-1 


G17-4 


Avg. 


Std.Dev. 


±45° 


±45 


±45° 


±45° 


±45° 


8.85 

0.76 

8.26 

0.87 

8.76 

0.76 

3.97 

0.88 

8.46 

0.73 

8.66 

0.80 

0 .29 

0.07 

G14-7 


G16-4 


G17-2 


G17-7 


G17-8 


Std.  Dev. 


G14-1 


G14-2 


G14-6 


G15-3 


G17-5 


Avg . 


Std.Dev. 


±  45o 


±  45° 


±  45° 


i  45° 


5.80 

0.50 

6.27 

0.33 

6.11 

0.39 

5.37 

0.37 

5.35 

0.39 

5.78 

0.39 

0.42 

0.06 

I 

3.97 

0.12 

3.33 

0.11 

3.34 

0.18 

4.09 

0.11 

00 

* 

o.xo 

3.95 

0.12 

0.09 

0.03 
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Test:  Inplane  Shear 


Materials:  HvE  2G34D 


t 

Fiber 

Specimen  Orien- 
Nuraber  tation 


Hll-8 


H16-4 


H17-4 


H17-7 


HI  2- 7 


Avg . 


Std.Dev. 


±45° 


±45° 


±45° 


Ultimate 

Strength 

\103psi) 


5.83 


6.12 


5.81 


6.22 


5.67 


5.93 


0.23 


Inplane 

Shear 

Modulus 

(106psi) 


0.99 


1.02 


1.00 


1.31 


1.07 


0.14 


Remarks 


Hll-7 


HI  3- 8 


H15-4 


H15-5 


H15-7 


Avg. 


Std.Dev. 


±45° 


+  45° 


±45° 


±45° 


±45° 


5.51 

0.76 

5.50 

0.80 

5.39 

0.68 

5.59 

0.74 

5.14 

0.66 

5.43 

0.73 

!  0.17 

0.06 

H10-2 


H12-13 


H13-1 


H14-10 


H17-6 


Avg . 


Std.Dev. 


HiO-5 


Hll-9 


H14-5 


Hl8~  2 


H19-4 


Avg . 


Std.Dev. 


±45° 


+  45° 


±45° 


t  45° 


±45° 


±45° 


±45 


±45° 


±45° 


±45 


4.68 

0.68  j 

4.70 

0.60 

4.88 

0.66 

4.48 

0.63 

4.47 

0  .66 

4.69 

L  .°-66 

0.14 

0.02 

4.36 

0.68 

hebh 

0 .60 

4.54 

0.56 

4.56 

0.62 

4.22 

0.57 

4.38 

0.61 

0.17 

0.04 
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Teat:  inplane  Shear 
Materials:  T300/V378A 


Specimen 

Number 

14- 6 

15- 10 


16-8 

19-1 

110-5 


Avg  . 

Std . Dev . 


14-3 

19-9 

110- 7 

111- 5 
12  2-1 


Avg  ■ _ 

Std . Dev . 


18-6 

19-8 

110-10 

771-4“ 

122-2 


Avg  ■ 

Std .Dev . 


15-1 

18- 7 

19- 6 

110- 9 

111- 8 
Avg  . 


Fiber 

Orien¬ 

tation 

“"Hi 


+  45 
±45 
±45 


±45 
±45 
±4  5 
±4  5 


+  45 

+  4  5 
±45 


±45 
±4  5 
+  45 
+T5 

±45 


Teat 

Temp. 

(°F) 

-67 

-67 


-67 

-67 

-67 


72 


72 


72 


72 


72 


350 

350 

'350" 

350  ' 

____ 

t 


4  50 
4  50 
4  5  0" 
4To 


4  50 


. :  . .  1 

Ultimate 

Strength 

(103psi) 

Inplane 

Shear 

Modulus 

(106psi) 

Ultimate 

Strain 

(in/in) 

Remarks 

11.19 

0.91 

11.56 

0.97 

10 . 48 

0.92 

10.42 

0.90 

10.17 

0.92 

10.76 

0.92 

0.59 

0.03 

9.59 

0.89 

11.07 

0.95 

10.71 

0.97 

10.98 

0.91 

10 . 88 

- . 

0.95 

10 . 65 

0.93 

0.61 

— 

0.03 

8.13 

0.85 

8 . 09 

0.88 

7.48 

0.76 

8.39 

0.95 

8.21 

— 

0.06 

0.86 

0 .35 

0.08 

1 

■ESI 

0.63 

0.69 

;ppyif| 

0.58 

7 .44 

0.54 

7.70 

0.58 

7.47 

'  0.60 

0 . 17 

0.06 
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Test:  Inplane  Shear 


Number 


J4-3 


J6-2 


J8-2 


J10-2 


Jll-3 


Av 


J3-2 


J5-6 


J8-2 


Jll-2 


J12-2 


Av 


Std.Dev. 


Fiber 


tation  (°F) 


±45° 


±45° 


±45° 


±45 


+45° 


Ultimate 

Strength 

(103psi) 

Inplane 

Shear 

Modulus 

(106psi) 

13.39 

0.99 

15.46 

0.89 

13.20 

1.08 

13.34 

1.03 

13.34 

1.03 

13.75 

1.00 

0.96 

0.07 

11.00 

0.90 

11.09 

0.84 

11.08 

0.94 

11.36 

0.93 

11.17 

0.96 

11.14 

0.92 

0.14 

0.05 

Remarks 


J5-1 


J7-1 


J9-1 


Jll-1 


Avg. 


Std.Dev. 


±45° 


±45° 


±45° 


±45° 


±45° 


7.78 


7.90 


8.72 


8.45 


8.25 


0.40 


0.87 


0.90 


0.92 


0.94 


0.82 


0.89 


0.05 


J3-6 


J4-2 


J7-6 


J9-7 


Jll-8 


Std.Dev. 


±45° 


±45° 


±45° 


±45° 


8.36 


8.18 


9.36 


7.93 


8.30 


0.65 


0. 

,79 

0. 

,81 

0  , 

,70 

0, 

,82 

0, 

.71 

0, 

.77 

0 

.06 

^*jes9»siasj|SS 


Inplane  Shear 


Materials 


2BS3G 


6535-1 


I  Inplane 

Fiber  Test  Ultimate  Shear  Ultimat 

Orien-  Temp.  Strength  Modulus  Strain 

tation  ( °F)  U03psi)  (106psi)  (in/in) 


K4-4 


K6-2 


K7-4 


Kll-1 


Avg. 


Std.Dev, 


K5-1 


K6-1 


K7-1 


K8-1 


K9-1 


Avg. 


Std.Dev. 


Remarks 


±45° 


±45 


±45° 


±45° 


±45° 


*45 


±45° 


±45° 


±45° 


9.34 

1.03 

9.85 

0.97 

10.44 

0.96  1 

9.44 

1.01 

9.47 

1.10 

9.71 

1.01 

0.45 

0.06 

8.87 

0.94 

9.00 

0.96 

7.68 

0.98 

00 

• 

o 

0.90 

7.72 

0.94 

8.43 

0.94 

0.67 

0.03 

K4-2 


K5-2 


K.7-2 


K9-2 


a 


Avg . 


Std.Dev. 


K4-3 


K5-  3 


K7-3 


K9-3 


KlO-2 


Avg. 


Std.Dev. 


±45° 


±45° 


±45° 


±45 


±45° 


±45° 


±45° 


±  45  0 


±45 


±45° 


7.74 

0.82 

7.90 

0.96 

7.94 

0.89 

7.86 

0.87 

7.42 

0.89 

7.77 

G  .  89 

0.21 

0.05 

7.76 

0.79 

8.74 

0.84 

8.66 

0.86 

8.50 

0.80 

7.54 

0.78 

8.24 

0.81 

0.55 

0.03 

APPENDIX  H 

INTERLAMINAR  SHEAR  DATA 


All  of  the  interlaminar  shear  data  generated  during 
this  program  are  tabulated  in  this  appendix.  Tabular  summaries 
of  these  data  appear  in  Sections  4.1  through  4.6. 


Test:  Interlaminar  (Short-Beam)  Shear 

Materials:  iiys  2Q34D  L/D  Ratio :  4/i 

Specimen 

Number 

Test 

Temp. 

( eF> 

Ultimate 

Strength 

{1Q3  psi) 

Remarks 

H31-2 

-67 

9.06 

H31-7 

-67 

7.83 

H31-16 

-67 

8.14 

H31-44 

-67 

7.91 

H31-54 

-67 

7.51 

Avg . 

8.09 

Std.Dev. 

0.59 

H31-1 

72 

7.57 

1331-5 

. 72 . 

7.17 

H31-10 

72 

7.07 

H31-22 

72 

7.85 

K31-36 

72 

7.06 

H31-42 

12 

7.57 

H31-48 

72 

7.57 

H31-51 

72 

6,55 

H31-55 

72 

6.97 

H31-66 

72 

6.45 

Avg. 

7.18 

Std.Dev. 

0.46 

H31-3 

260 

7.12 

H31-8 

260 

6.24 

H31-28 

260 

6.13 

H31-30 

260 

6.04 

H31-46 

260 

6,87 

Avg. 

6.48 

Std.Dev. 

0.48 

36  3 


Test;  Interlaminar  (Short-Beam)  Shear 
Materials :  t3QQ/v378a'  '""  "  '  '' '  l/D  Ra'tx67"lf7T 


Specimen 

Number 

Test 

Temp. 

(•F) 

Ultimate 

Strength 

(psi) 

Remarks 

115-9 

-67 

18,800 

115-14 

-67 

17 , 300 

115-26 

-67 

18,540 

115-38 

-67 

13,250 

115-39 

-67 

17,720 

Avg. 

18,140 

Std.Dev. 

630 

115-1 

72 

15,400 

115-4 

72 

.  _ 

15,560 

115-8 

72 

14,860 

115-13 

72 

14,230 

115-20 

72 

14,520 

- 

115-25 

72 

15,550 

115-29 

72 

15,160 

115-32 

72 

15,170 

115-37 

72 

14,410 

115-45 

72 

15,320 

Avg. 

15,020 

Std.Dev. 

490 

115-10 

350 
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1  Test:  Interlaminar  ^Short-Beam}  Shear  } 

Materials:  t 

iyE  1076J  L/D  Ratio:  4/1  | 

Specimen 

Number 

Test 

Temp. 

(°F) 

Ultimate 

Strength 

{10-3  psi) 

Remarks 

J26-23 

-67 

16.26 

J26-41 

-67 

14.24 

J26-67 

-67 

19.64 

J26-78 

-67 

15.25 

J26-C0 

-67 

17.72 

Avg . 

16.62 

Std.Dev. 

2.12 

r-  '  "  LJUlJ  r  urm  jinj-uimr 

J26-16 

72 

11.04 

026-19 

72 

9.42 

^ . . .  . . . . 

J26-26 

72 

10.96 

J26-33 

72 

14.94 

J26-40 

72 

11.67 

J26-49 

72 

12.66 

J26-53 

72 

11.67 

J26-69 

72 

17  .11 

J2G-74 

72 

14.70 

J26--83 

72 

14.56 

Avg. 

12.87 

Std.Dev. 

2.36 

J26-18 

260 

8.59 

J26-34 

260 

10.79 

J26-38 

260 

8.96 

J26-52 

260 

8.61 

J2S-64 

260 

9 .85 

Avg. 

9.36 

Std.Dev. 

0.95 
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Test 


Materials:  G- ICO 


Specimen 

Number 


K18-12 


K18-28 


K18-38 


K18-46 


K18-62 


K18-1 


K18-10 


K18-18 


K18-23 


K18-31 


K18-34 


K18-37 


KiS-41 


K18-47 


K18-52 


Avg. 


Std.  Dev. 


Ultimate 

Strength 

(103psi) 


17.51 


18.21 


15.19 


16.65 


17 . 20 


16  .96 


1.14 


11.36 


11.46 


12.39 


12.28 


12.02 


11.90 


0.47 


II 


L/D  Ratio:  4/1 


13, 

.79 

16. 

.13 

15, 

.54 

14, 

.53 

1, 

.17 

Remarks 


APPENDIX  I 
FATIGUE  DATA 


All  of  the  tensile-tensile  fatigue  data  generated 
during  the  program,  along  with  residual  strengths  of  specimens 
which  "ran  out"  to  10^  cycles  are  presented  here.  The  residual 
strengths  were  all  determined  with  a  tensile  test  at  72°F  (22°C) , 
regardless  of  what  temperature  the  specimen  saw  during  the 
fatigue  test.  Summaries  of  these  data  are  presented  in 
Sections  4.1  through  4.6  in  both  tabular  and  graphical  form. 
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specimens  had  a  0.1935  inch  (C.491  cm)  hole  in  center  of  test  section.  Stresses  based  on  net  cross 


Teat;  Tenalle-Tenalle  Fatigue 
Material!  HyE  107  6  J _ 
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These  specimens  had  a  0.1935  (0.491  cm)  hole  in  center  of  test  section.  Stresses  based 

on  net  cross-sectional  area. 
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(0,90, +45, -45,0 ,0,-45, +45 ,0 ,0) s-20  ply;  2  (0 ,45  ,-45,0 ,0,-45 , 45 ,0  ,90 ,0)  s~20  ply 
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APPENDIX  J 

CREEP  AND  STRESS  RUPTURE  DATA 


All  of  the  tensile  creep  data  generated  during  this  pro¬ 
gram,  along  with  residual  strengths  of  specimens  which  "ran  out” 
to  50Q  hours  are  presented  in  this  section.  The  residual 
strengths  were  all  determined  with  a  72°P  (22°C)  tensile  test 
regardless  of  what  temperature  the  specimen  saw  during  the 
creep  test. 

The  stress  rupture  data  were  also  obtained  from  these 
same  specimens  with  the  characteristic  of  interest  being  time 
to  fracture  rather  than  elongation. 

Summaries  of  these  data  are  presented  in  Sections  4.1 
through  4.6  in  both  tabular  and  graphical  form. 

In  the  succeeding  tables  the  specimen  numbering  system 
can  be  used  to  identify  the  material  being  tested.  The  letter, 
appearing  first,  in  the  specimen  numbering  code  indicates  the 
material,  as  follows: 

P  -  T300/AFR800 
G  -  SiC/5506 
H  -  HyE  2034D 
1  -  T300/V378A 
J  -  HyE  1076 J 
K  -  G-160/6 535-1 
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APR- 800 
Test:  Creap 


1  Test:  cress 

.  'Orient:  90* _ 

,  SPcc.Nn. 

T«HCT»:  afeO»T(12>»C) 

thwM-  -2-. 57  *si55  %  ult. 


Tinas 

Ac  cum. 
Strain  , 

I  II  in/ in) 

0 

1954 

0-017 

1992 

0.10 

2009 

0*33 

2009 

0.50 

2017 

1 

2037 

2 

2037 

3 

2040 

5 

_.2S4S 

6 

2037 

7 

2037 

3-4  J. 

2003 

72 

1990 

144 

.2019 

240 

2046 

313 

2064 

408 

2092 

506 

7113 

|  R  ecovery 

J _ 

0 

209 

Load  off 

i 

147 

3 

_  126 

Orient:  90* _ 

Spec.  No:  Fll-io 
Temp:  260*p(127*c) 


Stress:  2.S7  ksi55%  Pit. 


Elap. 

Time 

Owe.) 

Accum. 

S  train 
(Min/in) 

Remarks 

0 

1916 

0.017 

2941 

0.10 

1994 

0.33 

2102 

0.50 

2135 

1 

2169 

2 

2217 

3 

2233 

5 

. -2267 

6 

2279 

7 

2293 

24.3 

2408 

72 

2560  .. 

144 

2696 

240 

2854 

313 

2940 

408 

3053 

506 

3155 

Recovery 

0 

1380 

IaO*d  off 

1 

1292 

3 

1249 

Test-.  creep 

Orient:  90* 

Spec.  No:  F14-5 

Temp:  260*r(l27*c) 

Stress ,^7  ult. 

Klafu 

Time 

(kra.) 

Ac  cum. 
Strain 
(it  in/ in) 

Remarks 

0 

1955 

0.017 

1966 

a 

o 

1976 

0.33 

2031 

1 

Q .  50 

2034 

1 

2059 

2.  . 

2082 

3 

2091 

5 

2100 

6 

2105 

7 

2106 

24.3 

2109 

72 

2143 

144 

2190 

240 

2272 

313 

2319 

408 

2340 

506 

2393 

Recovery 

0 

501 

Load  off 

I 

409 

3 

375 

_ 1 

412 


Test:  Creep 

Orient: 

+4S" 

Spec.  No: 

;  m-io 

Temp: 

72,F(22“C) 

Stress: 

16.27  kSi  764  Ult. 

Test: 

Creep 

Orient: 

+45* 

Spec.  No:  F29-3 

Temp: 

72°?  f  22*0 

Stress: 

16.27  kSi  70 1  Ult. 

Remarks 


Remarks 


Remarks 


R  ecovery 


Recovery 


Load  off 


Recovery 


4130  I Load  off 


Test:  creep 

Orient:  +45* 

Spec.  No:  P30-1I 

Temo:  260*F(127*C) 

Stress:  11-76  iesi70*  lilt. 

Elap. 

Time 

(lira.) 

Ac  sum. 
Strain 
(fi  in/ in) 

Remarks 

0 

7813 

0.017 

9154 

0.10 

10116 

0.25 

10805 

0.50. 

11275 

1 

11857 

2 

12437 

2.5 

12635 

4.5 

13160 

5.5 

13331 

6.6 

13400 

7.5 

13585 

24 

14538 

48 

14180 

74 

16238 

144 

17074 

366 

18704 

484 

19334 

506 

19474 

Recovery 

0 

13S29 

Load  off 

2.3 

11777 

3 

11627 

4 

11517 

Teat:  creep 

Orient:  ±45* 

Spec.  No:  F32-3 

Temp:  260'F(127‘c) 

Stress  1  11.76  ifiii  70 1  ult. 

Elap. 

Time 

Otra.) 

Accmn. 
Strain 
(MW  in) 

Remar  ka 

0 

7917 

0.017 

8917 

0.10 

10174 

0.25 

11010 

0.50 

11470 

1 

11975 

2 

12493 

2.5 

12678 

4-5 . 

13169  . 

5.5 

.  13335 

-  6.6 

13498 

7.5 

13602 

24 

14634 

48 

15440 

74 

15977 

144 

16921 

366 

19213 

484 

20176 

506 

20350 

1 

j  Recovery 

!  a 

14488 

2.3 

12437 

12266 

HEM 

12170 

Ts3C: _ Creep 

Orient:  ±45* 

Spec.  No:  F33-2 

Temp:  260«f(127»c) 

Stress  11.76  ksi  70%  ult. 

Elap. 

Time 

rtira.) 

Ac  cum. 
Strain 
(din/ in) 

Remarks 

0 

6433 

0.017 

7155 

0.10 

8184 

0.25 

.8719. 

0.50 

9085  . 

1 

9469 

2 

9926 

2.5 

10077 

4,5 

10542 

5.5 

10701 

6.6 

10840 

7.5 

10930 

24 

11512 

48 

12349 

74 

12830 

144 

13815 

366 

15390 

484 

15898 

506 

15986 

Recovery 

o 

10746 

load  off  1 

2.3 

_ 1221i_ 

mi 

3 

■K7I 

7 

4 

9790 

_ 

42] 


422 


SiC/5506 


Test:  Creep 

Orient:  +«* 

Spec.  No:  G27-3 

Temp:  350  °f  <177*0 

Stress:  1-59  jcsi  20  \  ait. 

Elap. 

Time 

{hr*.) 

Accum. 

Strain 

(Min/ in) 

Remarks 

a 

886 

0.017 

927 

0.10 

968 

0.25 

1010 

0-50 

1045 

. 1 

1105 

. 2. ... 

..  .  1194.  . 

1743 

3.5 

failure 

Recovery 

Test:  Creep 

Orient:  l45* 

Spec.  No:  G29-5 

Temp:  3SQ*F  <177*0 

Stress:  1*59  iesi  20  %  ult. 

Elap. 

Time 

(hrs.) 

Accum. 
Strain 
(M  in/ in) 

Remarks 

0 

17447 

0.017 

23304 

0.05 

qaqe  fa 

.led 

517 

Recovery 

■ 

Test:  Creep 

Orient:  ±45° 

Spec.  No:  G16-7 

Temp:  3S0*F(177*O 

Stress  1.59  ui  20%  ult. 

Elap. 

Time 

(fers.) 

Accum. 

Strain 

(tfin/in) 

Remarks 

0 

8428 

0.017 

11189 

0.10 

14202 

.  Q.3L 

17596 

0.50 

19992 

1 

23225 

2 

Lied 

no  fai] 

ure 

Recovery 

435 


440 


HyE  2034B 


442 


HyE  2034b 


Test:  Creao 

Orient:  o/±4S/90* 

Spec.  No:  824-7 

Temp:  72»m2*C}_ 

Stress:  so. 66  usiso  »  ult. 

Sap. 

Time 

(hrs.) 

Aeons. 

Strain 

Win) 

Remarks 

0 

2165 

0.017 

2169 

0.10 

2171 

0.25 

2178 

0-50 

2176 

1 

2176 

3 

2180 

4 

2166 

5 

2149 

6 

■SUSHI 

24 

2170 

54 

2185 

m 

2195 

226 

lost  g«qe 

504 

no  f&ilux 

e 

— 

SB 

Recover' 

T 

T**t: _ SXSSB _ 

Orient.  0/+4S/9Q* 

Spec.  No:  H24-8 

T  emP: _ immxi - 

Stress:  eo.66  ksiso  %  uit. 

Elap. 

Time 

Orrs.) 

Ac  cum. 
Strain 

(Wial 

Remarks 

0 

2031 

0.017 

2040 

0.10 

2051 

0.25 

2052 

0.50 

1 

2057 

3 

2047 

4 

■RSSHI 

s 

2022 

6  . 

■fMH 

‘  24 

mssm 

_2S _ 

HI 

mm 

— 

2072 

\  226 

lost  qage 

mm 

no  fgilur* 

■HI 

HI 

■■■■ 

HMH 

mmm 

Hi 

■i 

■■ 

■■■h 

H 

■■■■ 

HHHH 

■HI 

■H  ■ 

■HI 

■  ■ 

■■■hi 

H 

wmm 

■ 

HBH 

■■Hi 

■■■is 

mm 

■■1 

■■HH 

■ 

wmm 

■  ■ 

■ 

■  ■ 

H 

'■■Hi 

■ 

■  ■ 

Recovery 

tfcit: 


Orient:  0/+45/90' 


Spec.  No:  H28-5 
T  «mpt  72*F(22°C) 

Stress  6o.66k3i  so%  ult. 


Slap. 

Time 

(bra.) 


Actum. 

Strain 

( nin/  in'i 


Remarks 


2031 


0.017 


2034 


0.10 


2046 


0.25 


204S 


0.50 


■  2Q.£i- 


2051 


2044 


2031 


2022 


JD3SL 


24 


2049 


jm. 


J&L 


2Q.7S 


226 


los  t  gage  [ 


■ifiA. 


££.,  C-w lats, 


Recovery 


ZI 


T" 


liiimiiiiiiniiiiiiiiii 


HyE  2034C 


454 


V37SR 


V378A 


v3?a* 


V378A 


Teat: _ 

Orient: 


+45 


Test: _ 

Orient: 


creep 
+45* 

Spec.  Nc:  J7-2 
T  amp:  72°f(22»c) 


Test: 

Orient: _ 

Spec.  Nat 
Temp: _ 


c 


J7-S 

72Tt22‘C) 


Creep 


Spec.  No: 
Temp: 


+45* 


J10-3 


72*F(22*CV 


Stress:  17‘.83  fcpi  ao%  ult. 

EllD. 

Time 

fhrs.) 

Accum. 
Strain 
(4  in/ in) 

Remarks 

0 

6830 

0.017 

7362 

0.10 

7726 

0.25 

7925 

0.50 

3096 

1 

8260 

3 

8576 

4 

8656 

5 

8690 

6  . 

.  .8748.. 

46 

.  9193 

142  .. 

9618 

—  . - 

240 

3938 

310 

10158 

407 

10330 

504 

10664 

R  ecovery 

0 

3212  !  load  off 

0.5 

2502  | 

1 

2082  | 

2 

1874  [ 

3  ISoT 


Stress:  17.83  jjgiao  %  ult. 

Elap. 

Tim* 

(itX  3.) 

Accum. 
Strain 
(Min/ in) 

0 

6470 

0.017 

6718 

0.10 

6984 

0.25 

7134 

0.50 

.  ,7»i  .. 

1 

7388 

3 

7624 

4 

7692 

5 

7712 

6._. 

46 

142 

8480 

240 

8718 

310 

8873 

407 

8996 

504 

9242 

.. 

Recovery 

mm 

2386 

0.5 

1678 

1 

1539 

2 

1382 

— 

3  1326 


Stress 

17, 83 ksi  80%  Ult. 

Elan. 

Tim* 

(hrs.) 

Accum. 
Strain 
({tin/ in) 

Remarks 

0 

6126 

0.017 

631fc 

0,10 

6545 

0.2S 

6684 

0.50 

6801 

1 

6922 

3 

7146 

4 

7208 

5 

7225  ... 

6 

7268 

46 

7600 

142  . 

7926 

240 

8118 

310 

3258 

407 

8370 

504 

8586  .  ... 

\ 

\ 

i 

1 

.  _  .  .  1 

Recovery 

0 

2107 

load  off 

0.5 

1494 

1 

1374  ..  _ 

2 

1230 

3  1172 


i  e  st:  Creep 

Orient:  4-45° 

Spec.  No:  J3-8 
Temp:  350  *f 


Stress:  11.62  lesi  70  *  ult 


lC5t:  creep 

Orient:  +4S* 

Spec.  No:  J4-7 _ 

Temp:.  250‘s- ;mta _ 

Stress:  11.62  isi?o  %  ult. 


Slap. 

Time 

fturs.) 

Ac  cum. 
Strain 

(fi  in/ in) 

0 

10676 

0.10 

12510 

0.25 

13308 

0.50 

13813 

1 

14531 

2 

11002 

24 

12677 

Ac  cum. 
Strain 


Hecavery 


Test: 


Creep 


Orient:  VgS/9Q« 
Spec.  No:  JX4-9 
Temp:  2&>*Pitt7'c) 


5 trass :  72-04  icsi  60  %  vslt. 


Slap. 

Tim* 

(hr*.) 

Ac  cum. 
Strain 

(M  in/ in) 

R  era  ark  a 

0 

5521 

0.0X7 

5525 

O.iO 

5539 

0.25 

5544 

0.50 

5554 

1 

5561 

2 

5561 

23  .. 

556? 

98 

5589 

163 

.5601 

266 

331 

5637 

426 

5.65.4 

522 

5671 

R  ecovery 

139 

load  off 

mm 

124 

mm 

121 

2 

115 

Hy£  10760 


Test:  Cre$$» 

Orient:  °/+45/90‘ 

spec.  No;  J14-10 

Temp:  26o"F;i27*c) 

Stress:  7S-°<  ksi  ult. 

Elap. 

Time 

(hr*.) 

Ac  cam. 
Strain 
(Mia/ in) 

Remark* 

0 

6912 

0.017 

6914 

0.10 

7061 

0.25 

7046 

0.50 

7051 

1 

7044 

2 

7035 

S3 

. 7014 . 

98 

7025 

.163  .... 

7033 

266 

7043 

331 

7051 

426 

7058 

522 

7077 

. . 

_ J 

R«cov«ry  j 

0 

45 

load  off 

0.5 

-  6 

1 

-13 

2 

-20 

test." .  f*«ep 

Orient: 

Spec.  No:  3I*~8 
Temp:  a<o»ru27»o 


StTtt**  72.04  naj.60  t 


Slap. 
Time 
(hr  a.) 

Ac  cum. 
Strain 
(4  in/ in) 

Remark* 

0 

5877 

0 .017 

5884 

0.10 

5681 

0.25 

5381 

0.50 

5984 

1 

5860 

2 

3875 

3 

5871 

24 

5860 

99 

5859 

171 

5860 

267 

5868 

333 

5875 

434 

5884 

500 

5300 

. 

Reco v«ry 

1 - 

1  _o 

1  -_2_ 

mm 

ISR9HI 

mm 

-33 

i 

-43 

est: 


Creep 

0/+45/90* 


aye  1076J 


Orient: 

Spec.  No:  J16-7 
Temp:  350T(177»C) 


S tress :  82.68  fcsi  70 1  ult. 


Slap. 

Time 

(hr*.) 

Ac  cum. 
Strain 

(ft  in/ in) 

Remarks 

0 

6601 

0.017 

6634 

0.10 

6646 

0.25 

6650 

0.50 

6654 

1 

6666 

2 

6650 

3 

6646 

24 

6591 

75 

6648 

315 

7039 

411 

7076 

500 

7095 

i 

1  . 

i 

1 

i 

• 

i 

i  H  e  cover' 

i _ 

r 

321 

0.5 

26J 

!  i  S  227 

3  116 


Test:  Creep 

Orient:  °'i<s/90° 

Spec.  No:  ji7-7 

Temp:  350‘>r(l77'C) 

Stress:  32.68 ksi  io*  ’Jit. 

Slap. 

Time 

(hrs.) 

Ac  cum. 
Strain 
(Min/ in) 

Remarks 

0 

6217 

0.017 

6227 

0.10 

6231 

0.25 

6245 

0.50 

6270 

1 

6300 

. 

2 

6318 

3 

6318 

24 

6554 

75 

6739 

315 

6872 

411 

6392 

500 

6894 

_ 

Recovery 

, 

654 

0.5 

517 

1 

484 

a 


6S35-1 


Test:  creep 

Orient:  ±45* 

Spec- Mo:  K3-3 

Temp:  72»f(220c) 

Stress:  9.92  tsi6olult. 

Slap. 

Tima 

fbxs.) 

Ac  cum. 
Strain 
in/in) 

0 

3310 

0.017 

3399 

0.10 

3466 

0.2S 

3520 

0.50 

3572 

1 

3607 

3 

3650 

4 

3674 

5 

3748 

47 

3939 

195 

4108 

222 

4120 

312 

4205 

mm 

4286- 

mm 

4327 

I  J 

Recovery 

_  _ — 

Q  I  1059  ... 

load  off 

0.5 

815 

1  j  756 

2  i  697 

Test: 

Creep 

Orient: 

±45* 

Soec.  No: 

K.3-4 

Temp: 

72»F(22»C> 

Stress  9.93  i<si  eot  alt. 


Elap. 

Tima 

(hrs.) 

Accom. 

Strain 
(yin/ in! 

Remarks 

0 

3528 

0.017 

3626 

0.10 

3700 

0.25 

3767 

0.50 

3832 

1 

3872 

3 

3927 . 

4 

3954 

5 

4C34 

47 

4267 

195 

4450 

....  . 

222 

4468 

312 

4565 

456 

4660 

502 

4690 

-  -  . 

.... 

_  _ 

< 

i 

Recovery 


O  I  1177  I  load  off 

j2*5 _ S _ aaa. _ 1 _ 

1  j  851  ? 

2  i _ 78C _ t _ 


Test:  Creep 

Orient: 

Spec- No:  Kil“7 

Temp:  350*f(177*o 

Stress:  8.24  kal5o  »  alt. 

Elap. 

Time 

(far*.) 

Ac  cum. 
Strain 

(fiin/in) 

Remarks 

0 

3668 

0.017 

3954 

0.10 

4738 

0.2S 

5258 

O.SO 

5670 

1 

6148 

3 

4 

7474 

.73 . 

170 

mmm 

215 

17577 

263 

17850 

337 

mmm 

458 

20324 

CM 

mmm 

H  eeOPery 

0 

17993 

load  off 

0.5 

17430 

1 

17275 

2 

17124 

Test:  Creep 

Orient:  i45" 

Soec.  No:  *9-10 

Temp:  33o»Fa77*c) 

Stress  8.24  rsi  -jo  %  nit. 

EL*p. 

Time 

(hr*.) 

Accum. 
Strain 
(ft  in/ in) 

Remarks 

Spec 

-A 

fl 

A 

C 

l 

Loading. 

Recovery 

2 


APPENDIX  K 

THERMAL  EXPANSION  DATA 

All  of  the  thermal  expansion  data  generated  during  this 
program  are  presented  in  this  appendix.  In  addition,  a  typical 
thermal  expansion  curve  is  included  at  the  end  of  the  section. 
The  procedure  for  computing  coefficient  of  thermal  expansion 
from  such  a  curve  is  detailed  in  Paragraph  3.5.10.  These 
data  are  summarized  in  Paragraphs  4.1  through  4.6. 


Teat:  Coefficient  of  Thermal  Expansion 
MaSrlaHT  TJflOymMP -  - 


I’ 


Specimen 

Number 

Fiber 

Orien¬ 

tation 

Temp. 

Range 

(°P) 

Coeff.  Therm. 

Expansion 

{10“6in/in-*P> 

Remarks 

PA1-1 

90° 

260 

12.35 

FA1-3 

90° 

260 

14.79 

FA2-3 

90° 

260 

15.70 

Avg. 

14.45 

FA1-2 

90° 

350 

17.03 

PAI-5 

90° 

350 

17.38 

FA2-2 

90° 

350 

16.31 

Avg. 

16.91 

FC1-3 

±45° 

-67 

2.378 

FC2-3 

±45° 

-67 

2.905 

FC3-3 

±45° 

-67 

2.593 

Avg. 

2.627 

FC1-4 

±45° 

72 

2.440 

FC2-4 

±45° 

72 

2.732 

FC3-4 

±45° 

72 

2.171 

Avg. 

2.448 

FC1-1 

±450 

260 

2.939 

FC2-1 

±45° 

260 

2.933 

FC3-1 

±45° 

260 

2.508 

Avg. 

2.312 

FC1-2 

±45° 

350 

3.416 

FC2-2 

±45° 

350 

3.529 

FC3-2 

±45° 

350 

2.76  8 

Avg . 

3  >238 

Test:  Coefficient  of  Thermal  Expansion 

Materials:  hve  2034d 

Specimen 

Number 

Fiber 

Orien¬ 

tation 

Temp. 
Range 
( °F) 

Coeff.  Therm. 

Expansion 

(10*6in/in-®F) 

Remarks 

H32-4 

90° 

260 

39.4 

H32-5 

90° 

260  ' 

37.1 

H32-6 

90° 

260 

42.2 

Avg. 

39.6 

H32-4 

90° 

350 

. .  58.7 

II32-5 

90° 

350 

54.7 

H32-6 

90° 

350 

59.9 

Avg. 

57.8 

H34-1 

45° 

-67 

-0.463 

H34-2 

45° 

-67 

-0.320 

H34-3 

45° 

-67 

-0.0127 

Avg. 

-0.265 

H34-1 

45° 

72 

-0.517 

H34-2 

45° 

72 

-0.475 

H34-3 

45° 

72 

-0.221 

Avg. 

-0.404 

H34-1 

45° 

260 

-0.557 

H34-2 

45° 

260 

-0.694 

H34-3 

45° 

260 

-0.662 

Avg. 

-0.638 

H34-1 

45° 

350 

-0.674 

H34-2 

45° 

350 

-0.923 

H34-3 

45° 

350 

-1.06 

Avg. 

-0.886 

ansion 


Test:  Coe 


Materia 


SEE 


±±! 


T300/V378A 


Fiber 

Specimen  Orien- 
Number  tation 


0° 


0 


143-1 


143-2 


143-3 


Avg. 


143-1 


143-2 


143-3 


144-1 


144-2 


144-3 


Avg. 


Temp. 

Range 

(“F) 


-67 


Coeff.  Therm. 

Expansion 

(10"fiin/in-oF) 


0. 


Remarks 


144-1 

O 

in 

-67 

4.27 

144-2 

45° 

-67 

3.80 

144-3 

45° 

-67 

3.86 

45° 

72 

2.96 

45° 

72 

2.84 

45° 

72 

3.12 

Teat:  Coefficient  of  Thermal 
Materials:  HvE  1076  j 


mansion 


Specimen 

Number 

Fiber 

Orien¬ 

tation 

Temp . 
Range 
(*F) 

Coeff.  Therm. 

Expansion 
(10~€ in/in- *F) 

4 

90° 

260 

31.2 

5 

90° 

260 

31.4 

6 

90° 

260 

31.6 

Avg. 

31.4 

4 

90° 

350 

34.7 

5 

90° 

350 

35.0 

6 

90° 

350 

34.2 

Avg. 

34.6 

1 

±450 

-67 

3.02 

2 

±450 

-67 

3.33 

3 

±45° 

-67 

2.85 

Avg. 

3.08 

1 

*45° 

72 

2.98 

2 

±45° 

72 

2.44 

3 

±45° 

72 

2.32 

Avg. 

2.53 

1 

±45° 

260 

2.41 

2 

±45° 

260 

2.58 

3 

O 

in 

*<r 

-H 

_ 

260 

2.61 

Avg. 

2.53 

1 

±45° 

350 

2.42 

2 

±45° 

350 

2.81 

3 

±45° 

350 

2.78 

Avg. 

2.67 

Remarks 


,W*  *k 


APPENDIX  L 
SPECIFIC  HEAT  DATA 


All  of  the  specific  heat  data  generated  during  this 
program  are  presented  in  this  section.  A  typical  set  of 
differential  scanning  calorimeter  (DSC)  traces,  from  which 
specific  heat  is  determined,  is  included  at  the  end  of  this 
section . 

The  values  listed  in  the  succeeding  tables  were  computed 
according  to  the  following  equation: 


Cp( sample) 


mass  of  sapphire  stnd. 
mass"  of  sample 


D3~D1 

°2~d1 


x  Cp( sapphire  stnd.)  , 


where,  D±,  03  and  D3  represent  the  relative  displacements 
of  the  DSC  curves  for  the  empty  aluminum  pan,  sapphire 
reference,  and  sample,  respectively.  For  the  sample  traces 
included. 


Cp(HyE  1076 J,#l) 


8.54gra  12.4  div  -  17.2  div 

T72igi  x  IOUv^  TfmSv  x 


0.22545 


cal 

gm-*K 


0.341  cal/gm-°K,  or  0.341  BTU/lb-°F 
at  400°K,  or  260°F, 


trttttti  Htttlit 


DSC  ANALYSIS 

SAMPLE-^«f p. w.r«g-  ...Sfjl.  SAM  PI  F  SCE  (mG|„®i£|*®_ 

LOWER  LIMIT  (°K) _ 2®ft _ UPPER  LIMIT  (^ISl _ NZ.O _ 

COOLKIG  RATE _  W  _6 _ I  i EATING  BA TE _ 1 P_*K/ 

i?--j r*_  fmc.ii 's^c; _ ..  as.pt  .iSilt?.  z:ro 

/\  T  BALANCE _ _ ,'L'JPE  CM  LET _ 3.1ft. . 

I't.N  1  .jO.au/..  PEN  2  CHART  SPEED  (ir.W/SCC)...lft . 

oate.  . J.r  A.-PJ. _ opera  tcr 

Cf  *+-  loo'A  =  MATir  « 


KM 


Figure  L-2.  DSC  Analysis  of  Sapphire  Reference 
Standard . 
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DSC  ANALYSIS 

SAMPLE_Ji^_L07A_T_XtO..»SAMPLE  SIZE  (mfi] _ t&Zk. 

LOWER  LIMIT  _ UPFEIJ  LIMIT  ,-R  ...Vie.. 

COOLING  RATE . _KA. _ iv  RAfC _ t<?t 

R'NGE  |mal/srcj _ <?„51 _ .,lOi  r  .  JJLY..7..  E/KO  .7?< 

A  T  BALANCE . S.-iP. . SLt'PE  ONSET . 3J_<? . 

f'EN  l  L5«y_.  PEN  2  __  CHART  SPEEO  (nnn/sec|_. _(.<?> 

pate . J: 4.-0J _ operator..  r..„K 


ss: 


g5j{ 


innHHEiiSffiH 


Composite  Material 


APPENDIX  M 

THERMAL  CONDUCTIVITY  DATA 


All  of  the  thermal  conductivity  measurements  made  during 
this  program  are  tabulated  in  this  section.  The  average 
values  presented  in  Sections  4.1  through  4.6  were  taken 
from  linear  regression  curves  drawn  through  all  of  the 
respective  data  points  tabulated  here. 


Test:  Thermal  Conduct! vit 


T30Q/AFR80Q 


Specimen 

Number 


F38-1 


F38-1 


F38-1 


F38-1 


F38-1 


F38-1 


F38-1 


F38-1 


Fiber 

Orien¬ 

tation 


±45° 


±45° 


±45° 


±45° 


±45 


±45° 


±45° 


Ten®. 

(°F) 

Thermal 

Conductivity 

(Btu-ft/ft2-hr-°F) 

-61 

0.343 

-50 

0.373 

61 

0.288 

100 

0.360 

139 

0.311 

217 

0.418 

300 

0.429 

34  3 

0.4  30 

Remarks 


F38-2 


F38-2 


F38-2 


F38-2 


F38-2 


F38-2 


F38-2 


F3S-2 


±45  ° 


±45° 


±45° 


±45° 


±45° 


±45° 


±45 


0.280 


0.297 


0.374 


0.370 


0.370 


0.354 


0.396 


0.414 


0.447 


Test;;'  thermal  Conductivity 
Materials;'  SiC/5506 


Specimen 

Number 

Fiber 

Orien¬ 

tation 

Temp. 

<°F) 

Thermal 

Conductivity 

(Btu-ft/£t2-hr~°F) 

Remarks 

G10-1 

0° 

-102 

0.456 

GlO-1 

0° 

-  48 

0.567 

GlO-1 

0° 

88 

0.512 

G10-1 

0° 

106 

0.650 

G10-1 

0° 

128 

0.583 

G10-1 

0° 

156 

0.623 

GlO-1 

0° 

182 

0.602 

G10-1 

0° 

238 

0.581 

GlO-1 

0° 

290 

0.626 

GlO-1 

0° 

339 

0.608 

GlO-1 

0° 

351 

0.672 

GlO-1 

0° 

395 

0.547 

G10-2 

0° 

-  45 

0.573 

G10-2 

0° 

-  16 

0.521 

G10-2 

0° 

88 

0  .579 

G10-2 

0° 

113 

0.576 

G10-2 

0° 

143 

0.665 

G10-2 

0° 

169 

0.613 

G10-2 

0° 

x98 

0.630 

G10-2 

0° 

241 

0.636 

G10-2 

0° 

29  3 

0.645 

G10-2 

0° 

338 

0.662 

G10-2 

0° 

376 

0.630 

Test;  Thermal  Conductivity 
Materials;  HvE  2034D 


Specimen 

Number 

Fiber 

Orien¬ 

tation 

Temp. 
<•?>  -  - 

Thermal 
Conductivity 
(Btu- ft/ft2 -hr- c 

H32-1 

0° 

-61 

0.410 

H32-1 

0° 

-28 

0.476 

H32-1 

0° 

4 

0.511 

H32-1 

0° 

81 

0.731 

H32-1 

0° 

111 

0.881 

H32-1 

0° 

139 

0.588 

H32-1 

0° 

177 

0.856 

I-I32-1 

0° 

220 

0.859 

H32-1 

0° 

268 

1.019 

H32-1 

0° 

313 

1.031 

H32-1 

0° 

358 

1.039 

H32-2 

0° 

.  t76 

0.483 

H32-2 

0° 

-44 

0.540 

H32-2 

0° 

1 

0.489 

H32-2 

0° 

79 

0.648 

H32-2 

0° 

104 

0.926 

H32-2 

0° 

135 

0.908 

H32-2 

0° 

166 

0.787 

H32-2 

0s 

23.2 

0.874 

H32-2 

0° 

262 

0.937 

H32-2 

0° 

306 

0.943 

H32-2 

0° 

352 

0.972 

Test:  Thermal  Conductive t 


Materials 


Specimen 

Number 


H32-3 

0 

H32-3 

0 

H32-3 


H32-3 


H32-3 


I. 


32-3 


132-3 


32-3 


32-3 


Fiber 

Orien¬ 

tation 


Temp. 

(°F) 

Thermal 

Conductivity 

(Btu-ft/ft2-hr-°F) 

-57 

0.643 

-35 

0.633 

8 

0.701 

81 

0.771 

111 

0.949 

136 

0.758 

174 

0.720 

217 

0.735 

264 

0.788 

312 

0.841 

353 

0.863 

Remarks 


Test:  Thermal  Conduct! vit 


Materials : 


Specimen 

Number 


K37-1 


Temp. 

(°F) 


Thermal 

Conductivity 

(Btu-ft/ft2-hr-°F) 


H37-1 


H37-1 


K37-*l 


H37-1 


H37-1 


H37-1 


H37-1 


H37-1 


H37-.1 


0.576 


0.555 


0.603 


0.638 


0.555 


0.703 


1.417 


0.985 


1.464 


1.44 


1.238 


0.764 


0.613 


i- 


Test:  Thermal  Conductivity  { 

Materials:  T300/V378A  \ 

Specimen 

Number 

Fiber 

Orien¬ 

tation 

Temp. 

(°F) 

Thermal 

Conductivity 

(Btu-ft/ft2-hr-°F) 

Remarks 

143-1 

0° 

62 

0.331 

143-1 

0° 

92 

0.363 

143-1 

0° 

121 

0.372 

143-1 

0° 

154 

0.384 

.. 

143-1 

0° 

188 

0.397 

143-1 

0° 

230 

0.410 

143-1 

0° 

272 

0.440 

143-1 

0° 

310 

0.452 

143-1 

0° 

337 

0.457 

. 

143-2 

0° 

61 

0.305 

143-2 

0° 

92 

0.335 

143-2 

0° 

123 

0.346 

143-2 

0° 

157 

0.331 

143-2 

0° 

235 

0.396 

143-2 

0° 

235 

0.398 

143-2 

0° 

276 

0.399 

143-2 

0° 

316 

0.408 

143-2 

0° 

339 

0.419 

143-3 

o6 

-51 

0.282 

143-3 

0° 

-20 

0.116 

143-3 

0° 

-18 

0.244 

143-3 

0° 

61 

0.370 

143-3 

0° 

92 

0.365  . 

143-3 

0° 

120 

0.395 

143-3 

0° 

154 

0.399 

143-3 

0° 

191 

0.356 

143-3 

0° 

230 

0.424 

[43-3 

0° 

273 

0.467 

[43-3 

0° 

312 

0.436 

C4  3-3 

0° 

339 

0.462 

Test 


:  Thermal  Conductivity 
Materials';  '  T30Q/V373A' 


Specimen 

Number 

Fiber 

Orien¬ 

tation 

Temp. 

( °F) 

Thermal 

Conductivity 

(Btu-ft/ft2-hr-°F) 

Remarks 

144-1 

±45° 

-64 

0.249 

144-1 

-45° 

-39 

0.242 

144-1 

±450 

-19 

0.249 

144-1 

±450 

72 

0.225 

144-1 

WBBM 

97 

0.327 

144-1 

124 

L  .  ....  . 

0.328 

144-1 

±45° 

121 

0.318 

144-1 

-45° 

123 

0.320 

144-1 

Isom 

149 

0.329 

144-1 

±45° 

195 

0.335 

144-1 

WBSM 

207 

0.352 

144-1 

255 

0.354 

144-1 

-45  0 

280 

0.363 

144-1 

369 

0.394 

144-1 

msm. 

367 

0.287 

144-1 

m£EM 

412 

0.405 

144-1 

±45° 

436 

0.414 

... 

144-2 

+45° 

-82 

0.273 

144-2 

-45° 

-44 

0.351 

144-2 

-45  0 

18 

0.388 

144-2 

■ZEBH 

119 

0.329 

144-2 

miBM 

175 

0.347 

144-2 

-45° 

255 

0.376.  . 

144-2 

4- 

-45° 

368 

0.432 

144-2 

±45° 

368 

0.426 

144-2 

±45° 

435 

0.462 

Test:  Thermal  Ccrvductivit 


HvE  1076J 


Specimen 

Number 


J33-1 


J33-1 


J33-1 


J33-1 


J33-1 


Temp, 
( °F) 


J33-3 


J33-3 


J33-3 


J33-3 


J33-3 


J33-3 


Thermal 

Conductivity 

(Btu-ft/ft2-hr-°F) 


0.445 


0.5C7 


0.545 


0.578 


0.570 


0.578 


0.601 


Remarks 


J33-2 

±45° 

91 

0.297 

J33-2 

±45° 

116 

0.429 

J33-2 

±45° 

138 

0.400 

J33-2 

WBBXM 

203 

. 0.417 

J33-2 

248 

0.471 

J33-2 

±45'’ 

305 

0.513 

J33-2 

±450 

334 

0.453 

Test:  Thermal  Conductivity 
Materials:  HyE  1076J 


Specimen 

Number 

Fiber 

Orien¬ 

tation 

Temp. 

(°F) 

Thermal 

Conductivity 

(Btu-ft/ft2-hr-°F) 

Remarks 

J34-1 

0° 

-75 

0.418 

J34-1 

0° 

-47 

0.397 

J34-1 

0° 

-26 

0.397 

J34-1 

0° 

91 

0.380 

J34-1 

0° 

111 

0.416 

. 

J34-1 

0° 

141 

0.402 

J34-1 

0° 

211 

0.432 

J34-1 

0° 

278 

0.494 

J34-1 

0° 

324 

0.480 

. . . 

J34-1 

0° 

335 

0.519 

J34-2 

0° 

. . 95 

0.393 

J34-2 

0° 

109 

0.443 

J34-2 

0° 

139 

0.451 

J34-2 

0° 

187 

0.453 

J34-2 

0° 

234 

0.460 

J34-2 

0° 

263 

0.460 

J34-2 

0° 

308 

0.509 

J34-2  o 

0° 

333 

0.531 

734-2 

0° 

343 

0.535 

134-3 

0° 

91 

0.425 

J34-3 

0° 

128 

0.437 

J34-3 

0° 

138 

0.447 

734-3 

c° 

205 

0.483 

734-3 

0° 

269 

0.488 

734-3 

0° 

312 

0.518 

734-3 

0° 

327 

0.521 

Test:  Thermal  Conductivit 


Specimen 

Number 


K20-1 


K20-1 


K20-1 


K20-1 


K20-1 


K20-1 


K20-1 


K20-1 


Fiber 

Orien¬ 

tation 


Temp, 

(°F) 


Thermal 

Conductivity 

(Btu-ft/ft2-hr-°F5 


0.397 


0.421 


0.458 


0.466 


0.509 


0.517 


0.509 


0.531 


Remarks 


K20-2 


K20-2 


K20-2 


K20-2 


K20-2 


K20-2 


K20-  2 


K20-2 


0. 

.437 

o, 

.450 

0, 

.456 

0  . 

.496 

0. 

.511 

0, 

.580 

0, 

,  743 

0, 

,619 

K20 

-3 

K20 

-3 

K20 

-3 

K20 

-3 

K2 

0 

-3 

T#  A  A 

hz  u 

-3 

K20-3 


K20-3 


K20-3 


K20-3 


K20-3 


-25 

0.113 

-25 

.  _  _._j 

0.253 

-19 

0.208 

-3 

0.258 

85 

0.357 

111 

0-388 

133 

0.453 

164 

0.479 

217 

0.641 

267 

0.597 

312 

0.658 

347 

0.665 

Test:  Thermal  Conduct! vrt 


Specimen 

dumber 


K40-1 


K40-1 


K40-1 


K40-1 


K40-1 


K40-1 


K40-1 


K40-1 


K40-1 


Fiber 

Orien¬ 

tation 


±45° 


±45° 


±45° 


±45° 


±45° 


±45° 


±45° 


±45° 


±45 


Temp. 

(°F) 

Thermal 

Conductivity 

(Btu-ft/ft2-hr-°F) 

-62 

0.395 

-47 

0.390 

-21 

0.426 

107 

0.435 

131 

0.457 

161 

0.509 

256 

0.496 

300 

0.659 

345 

0.594 

Remarks 


K40-2 

±45° 

80 

0.395 

K4Q-2 

±45° 

105 

0.449 

K40-2 

±45° 

133 

0.4  37 

K40-2 

±45° 

162 

0.459 

K40-2 

±45° 

208 

0.468 

K40-2 

252 

0.497 

'  K40-2 

±45° 

297 

0.546 

K40-2 

±45° 

344 

0.516 

K40-3 


K40-3 


K40-3 


K40-3 


K40-3 


K40-3 


K40-3 


K40-3 


±45° 


±45° 


+ 


±45° 


±45° 


±45° 


±45° 


0.417 


0.438 


0.447 


0.473 


0-448 


0-454 


0.513 


0.521 


APPENDIX  N 

GLASS-TRANSITION  TEMPERATURE  DATA 

The  glass- transition  temperatures  determined  for  the 
materials  characterized  during  this  program  are  presented 
here  along  with  a  typical  loss-modulus  vs.  temperat>ire 
trace#  from  which  the  Tg's  are  determined  by  DMA. 


GLASS  TRANSITION  TEMPERATURE 


Material 

Dry 

Tq 

( °h 

Wet1 

<■?> 

T300/AFR80Q 

468 

381 

SiC/5506 

394 

293 

HyE  2034D 

430 

342 

T300/V378A2 

702 

70  2 

HyE  10  76J 

518 

493 

G-160/6535-1 

507 

471 

Specimen  exposed  to  160°F  (71®C)  and  100%  R.H.  until  it 
reached  equilibrium  weight  gain. 

2This  material  gained  weight  very  rapidly  during  humidity 
aging.  If  it  dried  just  as  rapidly  also,  the  specimen 
may  have  been  completely  dry  by  the  end  of  the  test, 
hence,  the  wet  value  indicated  may  actually  have  been 
for  a  dry  material . 


SHrfACE  ttOC:XUS 


G24-R  90°  260  1.82 _ _ Q . 47 _ 0.55 _ —  .  6100 _ 1,546 _ 1.29  100%  saturation 

G25-1  90”  260  2.19 _ 1.01  0.72  -  6070 _ 1,546 _ 1.32  100%  saturation 

Avq . _ 1.93 _ 0.75 _ 0.68 _  5010 _  1.26 

Std.Dev  ~  *  J  “0.17  '  0.28  0.10  —  1070  |  "  0.04 


[Test:  Tension  After  Environmental  Aging  @  160°F  &  100%  R.H.  Material:  T300/V378A 
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APPENDIX  P 

HUMIDITY  AGED  COMPRESSION  DATA 

All  of  the  compression  data  generated  during  this  program 
on  specimens  which  had  been  humidity  aged  at  160°F  (71°C)  and 
100%  R.H.  are  presented  in  this  section. 

Summaries  of  these  data  are  tabulated  and  plotted  in 
the  form  of  stress-strain  curves  in  Sections  4.1  through 
4.6. 


Compression  After  Environmental  Aging  §  160°F  &  100%  R.H.  Material:  T300/AFR800 


est:  Compression  After  Environmental  Aging  §  160°F  &  100%  R.H.  Material:  sic/5506 


2-30  90°  260  19 . 96  4 . 70  15.45 - -  3 ,470  1.752 _ 1.29 

2-43  90°  260  15.58  3,03  9.41 - -  10.000  1.752 _ 1.32 

£• _ ZZZJ _ 17.71  3.32  10.99 - -  11,150 _ 1 . 31 

d.De'j  I  1,79  {  0.78  2.70  -  7,230  I  0,01 

(1)  50%  saturation  (2)  100%  saturation  (3)  Evidence  of  bucJcling 


rest:  Compression  After  Environmental  Aging  @  160°F  &  100%  R.H.  Material:  HVE  2034D 
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(1)  50%  saturation  (2)  100%  saturation  (3)  Damaged  before  test 


(3)  50%  saturation  (2)  100%  saturation  (3)  Evidence  of  buckling 


Compression  After  Environmental  Aging  @  160°F  &  100%  R.H.  Material;  hye  1076J 
(Test  I  Ult.  I  Ini  t.  IS  tress  at]  I  Ult.  I  Exposure  Weight  I 


APPENDIX  Q 

HUMIDITY  AGED  INTERLAMINAR  SHEAR  DATA 

All  of  tiie  interlaminar  shear  data  generated  during  this 
program  on  specimens  which  had  been  humidity  aged  at  160  °F  (71°C) 
and  100%  R.H.  are  presented  in  this  section.  These  data  axe 
summarized  in  Sections  4.1  through  4.6. 


Test;  Interlaminar  ( 
Aging  at  160 


Materials 


Specimen 

Number 


F21-19 

72 

F21-21 

72 

P21-25 

72 

F21-32 

72 

F21-34 

72 

F21-37 

72 

F21-38 

72 

Avg . 

| 

|Std.  Dev. 

Test:  Interlaminar  (Short-Beam) 
Aging  at  16G°F  and  100% 


Specimen 

Number 


F21-1 


F21-8 


F21-17 


iF21~22 


(F21-29 


'F21-31 


F21-40 _ 

F21-42 

F21-52 

F21-59 

Avg. 

Std.  Dev. 


Test 
Temp. 
( °F) 


14.75 


13.65 


14.57 


13.34 


13.33 


14.14 


13.37 


12.35 


12.92 


0.64 


Shear  After  Environmental 
R.H. 


L/D  Ratio:  4/1 


Remarks 


1286 


1206 


1206 


1286 


1236 


1286 


1206 


1286 


1.17 


1.19  saturation 


1.33  saturation 


1.37  saturation 


saturation 


1.02  saturation 


1.33  saturation 


saturation 


1.26  saturation 


1.26 


F21-2 

F21-: 

>8 

F21-: 

)0 

F21-: 

J9 

F21-t 

30 

Avg. 

Std. 

Dev. 

7.41 


7.43 


7.63 


7.47 


0.10 


1286 


1286 


1286 


1286 


1.31 


1.36 


1 . 96  saturation 


1.19  saturation 


1.24 


0.18 


Test:  Interlaminar  {Short-Bearu} 

Aging  at  160  °F  and  100% 


Materials : 


Test  Ultimate 
Specimen  Temp.  Strength 
Number  (°F)  (ksi) 


72  11.09 


G38-7 


G38-15 


G38-19 


G38-27 


G38-37 


G38-45 


G38-49 


(G38-52 

jG38^55 


G38-64 


Avg. 


Std.  Dev. 


G38-10 


G38-21 


G38-43 


G33-59 


G38-66 


Avg. 


Std.  Dev. 


11.07 


11.53 


11.87 


12.06 


11.59 


11.76 


11.85 


11.61 


0.33 


6.30 

6.98 


7. 00 


6.67 


6.98 


6.79 


0.30 


Shear  After  Environmental 
R.H. 


4/1 


Remarks 


0.63 


0.09 


0.67 


0.14 


50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

50% 

saturated 

Test:  Interlaminar  (Short-Beam)  Shear  After  Environmental 

Aging  at  160°F  and  100%  R.H. 


L/D  Ratio:  4/1 


Ultimate  Exposure  Weight 
Strength  Time  Gain 

(ksi)  (Hrs)  (%)  Remarks 


Specimen 

Number 


G38-3 


G38-14 


G38-22 


G38-26 


G38-32 


G38-34 


G38-35 


G38-38 


G38-46 


G38-50 


G38-65 


Avg. 


Std.  Dev. 


Test 
Temp . 
( °F) 


10.85 


10.74 


12.46 


12.56 


12.57 


12.57 


12.57 


12.59 


12.08 


12.16 


11.57 


12.06 


0.70 


1.06  saturation 


0.92  saturation 


1.85  saturation 


saturation 


saturation 


0. 

.90 

1. 

.06 

0, 

.87 

0, 

.93 

0. 

riT" 

0. 

.84 

1, 

.07 

0, 

.31 

G3S-18 

260 

G38-29 

260 

G38-42 

260 

G38-53 

G38-62 


Std.  Dev. 


7.04 


7.15 


0.13 


saturation 


saturation 


1.47  saturation 


saturation 


saturation 


Test:  Interlaminar  (Short-Beam) 
Aging  at  160°F  and  100% 


Materials:  HYE  2034D 


Specimen 

Number 


H31-9 


H31-13 


H31-23 


H31-27 


H31-32 


H31-52 


K31-60 


H31-61 


H31-43 


H31-33 


Avg. 


Std.  Dev. 


H31-4 


H31-11 


H31-15 


H31-62 


H31-45 


Test 
Temp. 
( °F) 


Ultimate 

Strength 

(ksi) 


7.36 


7.64 


7.24 


6.89 


6.44 


6.59 


7.13 


6.67 


7.32 


6.91 


7.02 


0.38 


Shear  After  Environmental 

R.H. 


L/D  Ratio:  4/1 


Weight 

Gain 

(%)  Remarks 


0.77  50%  saturated 


0.65  50%  saturated 


0.72  50%  saturated 


0.84  50%  saturated 


0.67  50%  saturated 


0.73  50%  saturated 


0.70  50%  saturated 


0.79  50%  saturated 


0.68  50%  saturated 


0.60  50%  saturated 


0.72 


0.07 


167  ! 

0.72 

50%  saturated 

167 

0.55 

50%  saturated 

167 

0.60 

50%  saturated 

167 

0.92 

50%  saturated 

167 

0.76 

50%  saturated 

Test:  Interlaminar  (Short-Beam) 

_ Aging  at  160°F  and  100% 

Materials:  hye  2034D  ~ 


Specimen 

Number 

B31-6 

H31-14 

H31-18 

H31-25 

H31-26 

H31-29 

H31-31 

H31-38 

H31-39 

H31-50 

Avg. _ _ 

Std.  Dev. 


H31-37 

H31-58 

H31-65 

H31-63 


K31-67 


Test 

Temp. 

CP) 


Ultimate 

Strength 

(ksi) 


7.29 

7.35 

7.63 

6.99 

6.39 

7.35 

7.16 

7.Q8 

7.43 

7.21 

0.35 


4.14 

4.16 

3.69 

4.14 


Shear  After  Environmental 
R.H. 

L/D  Ratio:  4/1 _ 

Exposure  Weight] 

Time  Gain 

(Hrs)  (%)  j  Remarks 


KM 


1.26  saturated 
1.66  saturated 
1.51 
1.63  saturated 

1.38  saturated 
1.33  saturated 
1.36  saturated 
1.19  saturated 

1.39 
oTl7~ 


1.3 0  I  saturated 
1.67  |  saturated 


1.31  saturated 


Test:  Interlaminar  (Short-Beam)  Shear  After  Environmental 
Aging  at  160°F  and  100%  R.H.  _  _ 


Specimen 

Number 

Test 
Temp , 
<°F) 

Ultimate 

Strength 

(fcsi) 

Exposure 

Time 

(Hrs) 

Weight 

Gain 

(%) 

! 

Remarks 

X  15-5 

72° 

14.40 

<48* 

0.79 

50%  saturation 

I  15-11 

72° 

13.45 

<48* 

0.86 

i  50%  saturation 

I  15-15 

72° 

13.67 

<48* 

0.85 

(50%  saturation 

I  15-19 

|  72° 

14.16 

<48* 

0.81 

50%  saturation 

I  15-23 

720 

13.86 

<48* 

0.70 

50%  saturation 

I  15-30 

72° 

14.03 

<48  * 

0.74 

1  50%  saturation 

I  15-44 

72° 

f 

14.33 

<48* 

0.46 

50%  saturation 

I  15-46 

72° 

13.96 

<48* 

0.76 

50%  saturation 

I  15-50 

72° 

14.19 

<48* 

0.65 

50%  saturation 

I  15-52 

72° 

13.88 

<48* 

0.81 

;  50%  saturation 

' 

Avg  . 

13.99 

|  0.74 

Std.  Dev. 

0 .29 

0.12 

l' 

< 

j 

• 

X  15-54 

350° 

S.  71 

<48l 

0.65 . 

50%  sat nra  1-  i  on 

I  15-57 

350° 

8.69 

<48* 

0.72 

50%  saturation 

I  15-60 

350° 

7.84 

<48* 

0.74 

50%  saturation 

I  15-72 

350° 

9.70 

<48*  1 

0 . 77 

50%  saturation 

I  15-73 

350° 

1  9.59 

<48* 

0.74 

50%  saturation 

Avg . 

8.91 

0.72  | 

St  <3. .  Dev. 

0.76 

0.05 

^Specimens  gained  we:  ght  so  rapidly  that  they  were  already _ 

saturated  at  first  \  reighing  (4£  hr s . )  .  They  we  re  dried  in 

a  dessicator  at  72°  f  and  0%  R.H.  for  116  hr.  to  reach  weight 
gain  indicated. 


. 

r3! ~~ '' V- j tig-  (. .! 


Test:  Interlaminar  (Short-Beam)  Shear  After  Environmental 
_  Aging  at  160°F  and  100%  R.H. 


Materials:  T300/V378A  L/D  Ratio:  '4/1 


Specimen 

Number 

Test 

Temp. 

(°F) 

Ultimate 
Strength 
(ksi)  “ 

Exposure 

Time 

(Hrs) 

Weight 

Gain 

(%) 

Remarks 

I  15-3 

72° 

14.49 

138 

1.17 

saturated 

I  15-7 

72° 

13.60 

138 

1 .22 

saturated 

I  15-22 

72° 

14.47 

138 

1.29 

saturated 

X  15-31 

72° 

14.53 

138 

0  -  94 

saturated 

I  15-33 

72° 

14.2  4 

138 

1 . 32 

saturated 

I  15-35 

72° 

14.47 

130 

1.27 

saturated 

I  15-35 

72° 

14.61 

133 

1 .23 

- 

saturated 

I  15-40 

72° 

13.99 

138 

1.17 

saturated 

I  15-42 

72° 

15.04 

138 

1.27 

saturated 

I  15-48 

72° 

14.18 

133 

1.12 

saturated 

Avg . 

14 . 36 

1 . 20 

Std.  Dev. 

0.39 

0.11 

I  15-51 

3  5  0° 

8.14 

13G 

1.15 

saturated 

I  15-53 

350° 

7  .  32 

130 

1 .28 

saturated 

I  15-55 

350° 

7.55 

138 

1.11 

saturated 

I  15-58 

350° 

7 .04 

138 

1.22 

saturated 

I  15-77 

3S0° 

7.39 

loo 
i.  %>u 

1.44 

saturated 

.  __ 

Avg . 

7.49 

1.24 

Std.  Dev. 

0.41 

0.13 

.. 

- — - - 

- — — — — - - 

... - •  - - — 

Test:  Interlaminar  (Short-Beam) 

Aging  at  lSO^F  and  100% 


Materials 


Specimen 

Number 


J26-25 


J26-28 


J26-58 


J26-6S 


J26-71 


9 


J26-36 


J26-50 


J26-62 


Avg. 


Std.  Dev. 


Ultimate 

Strength 

(Ksi) 


11.27 


10.58 


12.87 


15.17 


11.17 


11.91 


11.88 


1.68 


Shear  After  Environmental 
R.H. 


L/D  Ratio:  4/1 


Weight 

Gain 

(%)  Remarks 


188 

188 

188 

0.73 

50%  saturated 

188 

0.30 

50%  saturated 

188 

0.77 

50%  saturated 

188 

IBM 

50%  saturated 

188 

REEI 

50%  saturated 

188 

0.51 

50%  saturated 

188 

0.42 

50%  saturated 

188 

0.82 

50%  saturated 

0.55 


0.17 


J26-31 

J26-43 


J26-55 


J26-75 


Std .  Dev . 


9.43 


9.92 


9.34 


8.44 


0.65 


0.34  50%  saturated 


50%  saturated 


50%  saturated 


0.64 


0.28 


Test:  Interlaminar  (Short-Beam) 

Aging  at  160°F  and  100% 


Materials:  HyE  1076J 


Specimen 

Number 


J26-11 


J26-24 


J26-32 


J26-42 


J26-47 


J26-60 


J26-65 


J2G-72 


J26-82 


J26-87 


Avg. 


Std.  Dev. 


Ultimate 
Strength 
(ksi)  ~ 


Shear  After  Environmental 
R.H. 


L/D  Ratio:  4/1 


Remarks 


1,675 


1,675 


1,675 


1,675 


1,675 


1,675 


1,675 


0.98 


1.02  saturated 


1.16 


0.91 


1.03 


J2.6-76 


Test:  Interlaminar  (Short-Beam) 

Aging  at  16Q°F  and  100% 


Materials:  G-16Q/6535-1 


Test  Ultimate 
Temp.  Strength 
(°F)  (psi) 


Specimen 

Number 


Shear  After  Environmental 
R.H. 


L/D  Ratio:  4/1 


Exposure  Weight 
Time  Gain 

(Hrs)  (%)  Remarks 


Remarks 


K18-7 

72 

13.56 

91 

0.50 

50%  saturated 

K18-9 

72 

14.05 

91 

0.60 

50%  saturated 

K18-11 

72 

14.65 

91 

0 , 68 

50%  saturated 

K18-19 

72 

14.46 

91 

0.60 

50%  saturated 

K18-33 

72 

13.79 

91 

0.47 

50%  saturated 

K18-40 

72 _ 

13.97 

91 

Ksa 

50%  saturate  1 

K18-50 

72 

13.70 

91 

mmm 

50%  saturated 

K18-54 

72 

15.08 

91 

0.54 

50%  saturated 

K18-59 

72 

14.82 

91 

0.64 

50%  saturated 

K18-61 

72 

14.56 

91 

50%  saturated 
- - - 

Std.  Dev 


K18-21 


KI8-36 


K18-42 


K18-56 


K18-60 


Avg. 


.  Dev, 


8.40 


8.97 


9.86 


9.44 


0.60 


0.63  50%  saturated 
0.55  50%  saturated 


0.56  50%  saturated 


0.44  50%  saturated 


0%  saturated 


0.59 


0.56 


0.07 


i 


Test:  Interlaminar  (Short-Beam)  Shear  After  Environmental 

Aging  at  160°F  and  100%  R.H. 

!  Materials: _ G- 160/65-1* 

,_1  L/D  Ratio:  4/1  1 

Specimen 

Number 

Test 

Temp. 

(°F) 

Ultimate 
Strength 
(psi)  ~ 

Exposure 

Time 

(Hrs) 

Weight 

Gain 

(%) 

Remarks 

K18-3 

72 

12.00 

1530 

1.20 

Saturated 

K18-5 

72 

10.99 

1530 

1.12 

Saturated 

K18-13 

72 

11.83 

1530 

1.17 

Saturated 

K18-17 

72 

12.56 

1530 

0.99 

Saturated 

K18-24 

72 

12.77 

1530 

1.38 

Saturated 

K18-27 

72 

12.62 

1530 

0.84 

Saturated 

K18-30 

72 

11.46 

1530 

1.15 

Saturated 

K18-43 

72 

12.81 

1530 

1.20 

Saturated 

K1S-53 

72 

12.96 

1530 

1.24 

Saturated 

K18-58 

72 

13.28 

1530 

1.25 

Saturated 

Avg- 

12.33 

1.15 

SliMWilW 

Std.  Dev. 

0.73 

0.15 

■ 

K18-4 

260 

6.28 

1530 

1.05 

Saturated 

K18-8 

260 

6 .50 

1530 

1.23 

Saturated 

K18-15 

260 

6.57 

1530 

1.03 

Saturated 

K18-29 

260 

6.57 

1530 

1.26 

Saturated 

K18-39 

260 

6.62 

1530 

1.65 

Saturated 

Avg. 

6.51 

1.13 

Std-  Dev. 

0.14 

0.11 

j 

i 


i 


